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Kapitel 1 . 


Strahlung und Temperatur der Sonne. 

Yon 

W. £. BBHIHSIMER-Wian. 
lOt 21 AbMriimgwn. 

a) HelUgkedt der Sonne. 

l. Irdlache UchtgoaUia. Ak ni^HiynAi Anfgibe, die 
lenstnhlnng im aldxtbaran Goblets znefiber sa erHmem, awocba du Be- 
wo, ihre TTefflgtarit jma der irdfariiBn TJchtqnelfcw efnanordiian. Diegroflen 

I jjliiiUymhffnHiA ZWlfCheil SrtnTMf imr! I ntiijmr TJrlitijpwTlw wjiam 

ioaong « wwi< i THi ) idns Umug, die im Gnmds anf rfn«r Gidchmacinnig 
Deiden Tirtitmtrflm bernht Berdta 1735 bat P. Bougoer 1 die Hnfflgkrit der 
le mit der ama Sene vagHchan. Die dizekte Menng ergab dnon Wert 
fiaOOO Materkgaen. Daa Reenltat iat imr efaie site Arndherang, fTjjhewrntWe 
Verinate T?wfl«wWi nnH Ahaaptikm in der zddht 

echmmg gaapgen warden. Die Menng Bodqpebb let bei dna Zentt^hfana 
59* erralgt; berOckddrtigt ™n mm den TTaffigkdtagewinn bd amkreddem 
ihgang dnroh dfaBrdatmoapbflra and aleht achfieflMch inRarimniig, wiegrofl 
TelHghrit der Sonne g u wea aa win bd am k nriile r Snatnidnng abne Sdtwt- 
ig dnrdi die Erdatmoephire, bd wfldut Bousnsaa Wert anf 75600 Meter- 

m. 

ia Ahnikhen Ergebniaen 1st 1799 W.H. Wariintw 1 gdangt. BafnhlmWer 
iben fiber die Zonitdlaiatn der Same, ao daB due Beooktkai aeiner Havong 
t dnrcbaofflhren let. Hr ahllt den Wart Yon 60000 M et a ta raen, Anadleaen 
an raid anderm Veondben adiUeflt G. Mfixm 1 , daB die Sonne in uiUUem 
' mtmg nnd Zen l iatril i m g efcne dxnao starts Bdenditnng havratringt wie 
. 50000 NanxHLDDamn hi der Entfennmg vtin i m. Dieaa Wat wfirda deh 
etva 60000. aJao ran 30% ahQhen. aobald man die ALa ur p tl on da Brd- 
jgph&rs berfiokalchtlgt, also die X idii w lrkim g anBahalh der A tm oa phlT B 
uhtet. 

I f nr! wtmi Untemdmngai Jedoch erwieea. daB narii den bdihalgon 

Jwrtfn rfb. RnrmimhiJlig fcdt xu rdedrlgangaetst wczde. 1905 hat K. Hehtx- 
nco* anf Grand da PLAVCDcben GMrfnrng ana da Eueglsvelsflnng Im 
ctrran da nnd ana epetondpbotaEnetriacbea Vegidrhnn. da 

IB nrft iHmt none Baochmmgen angeataDt. Er gdangt an anan Werte 
100000 i anfiaiuub da Erdatmoephtra. Daadbe Ezgebck 

Mm Ca ‘RAftvrl * Rr mnR mh nirwffi TjmnVMir-W n irTliiin-PhrtATwn^*^ 
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Xip. l. W. B. Brnnaimi: Btnhlong mul Tempcntar dar Bonne. ZUT. a. 


rodmierte uif mlttiero Diatom Sannc-Erdo uad flndot dio Bdcnchtnng (lurch did 
Samic lOOOOOnnl grflfior ula die efcocr Derimalhana in 1 m Diatom; os folgt 
aogirich damns, dab 1 mm* ckr Scmnenobcrflflchn nach Barikdnkhtlgnng dor 
atmosphATiacben Absorption nodi due Loachikraft vuo 4800 Kama hat. SchUeB- 
Hch ad ahwolil var lfl fll lriMtar Wert d ne Ma u y ge bnl i von H. TT- Kimball 1 (1 914) 
■ngBtthrt. Ea wnide dio Beleuditung dner harisontalen Flicho dutch Hhnmda- 
Bcht nod durch du garndmamo Licht tod Hfanmal und Sonna phote mo t ri ert 
and daraui nach cntspndiendai Radnktkmen aof Luftmaan 1 [/ (i) — o] die 
Intondtflt dor Sonnonstrahhmg alkrin ennittelL Bd dnan durchjchnlttliihan 
ThuambdanakoagBrientm von 0,766 arhidt or ana dner Beobachtnngaoeria yon 
22 Tagm dne Zgnlthefligkrii von 103 000 Hctarkeaen. Die Abweichung tAn*r 
Einielbestimmimg fart xu ±5.4% m veranachlagen. Unter Bortckalchtigung 
ayatoiuflttorhgr Fehknr lit der w. F. dee Mltteb nach Kimball otwa 5%. Ab 
Endacgebnla woQen wir non lostlegen, daD dio Intecdtli dur Snnnw unter BcrDck- 
stchtJgung dnm nrittieron TV»TMmk«hmwkndflirWi+Hn von 0,766 ^dch 1st jener 
▼on 134500M ete rimre en , oder In GcfiBenkhuam: Die Soane nBwrfmTh dor Atmo- 
sphflro 1st 12*,82 holler sis due Stsndardlane in 1 m Entfennmg. Wir wallop 
inch binaafflgan, dafi nach H. N. Rtwkll 1 ana ohigem Werte van Ktwiat.t., 
■ns Masnmgen von K. G-eajf und Cu. Fabht die HeUlgkdt dor Standardkeno 
dch so —14",18 ±O*,05 ergiht 

2. HeUlgkdt in Grflflenlrla—on. VbuaBe Baobaohtnngcn. Ana der in Ziff. A 
angefthrten HriHgkntt der Standardkme von —14", 18 nnd der KnoALLacbon 
BcotLmnnmg dor SoannriheDigksit agBurhulh der AtmoaphAie, din tun 13", 82 
die Standardkeno in 1 m Entfcmnng flber trlflt , lABt alch rin Wert fflr die Sonnen- 
hdljgkrit in GrtlBenkiawro cnnlttsln, der nmd —27*,0 betrlgt. Die Einordntmg 
dor Srame in daa flbUche System der Tfltaiwn-rtwuunkiufi! igt von Bedentung 
and wardo auch admn frthxeitig an ennittnln getrachtot Borcdta dio ante van 
F. ZOllmih* 1865 in dfeacr Rlchtnng antemamnane Untenmchung ftthrtn su einsr 
b emerian s wurtm Gen&nlgkdt. ZOt.t.wm vdrgttch mit aefnem dgonon Photo¬ 
meter daa SannenbUd, daa or durch TinamlmmMTiatinnm und DonkdgiAjur 
atn mflhnlich gemacht hatte, mit der HoUJgkdt der Capolla. Ana 11 Shan- nnd 
6 Sonnanboobaditnngen, bd aargfilliJgir Bgfldafchtignng dea Liohtvcrinatos in 
der Venmchaannrdnung, land er dne Hcfflgkdtorii ffarana swiechen den bakkm 
beobnehteten Objektcn von 26*,87 ± 0*,05. Bd dner HeUlgkdt dcr Capolla 
van<T,21 im Harvardsyatem orgibt aicb aomlt die SnnnimhdUflVdi m —26",66. 
In wdtnrem Verfolg ' der in 211. 1 angefflbrtcn Unteraodnmgen Faehyi gelang 
im Vcrgldch ndt der HeUlgkdt von a Lyrae 4 dne Beatinmmng dor Sanncn- 
brillgidt, die im.'HarvanlayiUnno an “-26*^0 fflhrto. 

Fine grflBew Baohnchtmiflardho hat W. CKBAm » vnr BffmiiHrfi t, Ei handolt 
rich bier um Vgghtehe der SonnenhdHgkdt mit der der Venna, derm HeUlgkdt 
anderendta wieder mit jend dea Sirhia, Pdaria und Procyon vargUcban warde. 
Er find nach genaucr Bcstimmung der Tg^lrHr Mirrwa timfiwi die -Sonne um 
22^,93 ± 0*V10 holier abYenoe 112Tage nach der u n t a rm Kanjankdon. Ander- 
■cite dar Venue dn Jahr mAter 42 Tm vtr der unteren Sanjnnktian um 
heller ab Sirhia, um 4 M ,86 halier ab Procyon und am 6",JO heller ab Polaris* 
Barfkkdchtigt man, dafi die Veran bd den Sternver^dcbm mb 0",66 hdlHr 
ab nor Zdt der Sonncnvtrgigiche war, bdngt mnn euiapr e di end der Anabl der 
AoobetbtuhgsniditB- an die Eimehrerte Gewkbte an und fQbrt aehlinaHi^. daa 


1 bonttly Vete Bar 43. S, 650 (1^4). 1 Ap J 43, S. lap (1916). 

■ niotonatrkohe TJntagpobarniw. Tabdg (1865). 

4 CR137, &• 1243 (1909) tad Am.tr. p.rninc, dm Sc., Coofrd d'Aavm, 8.353 (1903) 
* Amnlfcakan, (3) 5, a 33 (1911). 
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Harvardsystem dn, bo erglbt rich fib dlo SmmmhnIHgtodt dn Wfft no —26",60. 
AnBcrdem arien uoch Beobachtnngm vuo W. H. Picimno 1 awUmt, der extra- 
fokale StcrnbQder mit fnb1«i vdideinerten Saxmenbildm vagiicfa, rmH der 
ana Arkturoa, CapeDa, Shins nod Wags, den Wert von —2 (PJ5) ± 0**19 cridett 
SchHeQUchhat J.B.GOXX 1 —26*,50orhalteo, nach rins Methode, die 
lichte, die SnBnunhalHgWf «n« (jgr HelUgkdt TOO Doppolltenifln IQ jwrprfinmij 
derm Bahnan gnt bakumt rind, nod deren Spektra dsn der Sonne gietehen. Er 
xog mm Vergidch a Con, C UMa nnd q Caa beran. 

BLN.Rotbxll 1 ndttdt dieEigehnlaa vonZflmraa, Fiaar, Picaontwonnd 
CPUgp nndflndat —26",72 ± Q*,04. Qrdnet man alien De al ImmTmff cn tfddns 
Gewicht n, so erglbt rich ala w. F. einar Baatfanmnng ±CT,075. Russell xeigt, 
dafi die systematiseben Fehler der von dan nlntfiTnen Antonin ringrachlagwirn 
Methoden wohl aahr Hdn —fa m fl j e en ; ea sei nlch t ansnnrinncn , dafl Fabler 
gkicher GrOBcnordming nnd gVdchcn Zetehana be! vler voodnander ganx nnab- 
hSng ijwn WwthnrWm pjifj udn n, TdtlBcfalich di m wn TUm H m m nng wi eohl 

dn hoher Grad von YeriUttchkelt xocrkmunt warden, wobd wir jedoch 
woDen, dafi daa bWnrlgo spIrHche Material erne Wlederfaohmg hew. Nenheatim- 
nmng der In dlar, in der vcm g egan geneD imd der folgenden. 7Jff*r mU^ftnTihm 
Ergebnlaae ala aahr wfinacbenswert enehalnen Iflfit. 

ft. HelUgfcelt in firflRnnblaaami Photograph lar.he Beohaobtungen. Nadi 
dnsr ahnHrfwm Mnthode, wle rie W. H. Picxkiuxg (Off. 2) vlandl angawandt 
hat, hat 0. Bmcx* die Some mit extrmfakalen SternhQdeni vagUdm. Der 
photograpUache TrammlwlnnaknefftrifPt wnrde sn 0,582 anganommen. Er a- 
TiWt nmchatehmde TTaiqghritaiiif itawnawn 1 Sonne—Arktnr 27",76, Soma—CapeDa 
27",04, Sonne—Wega 25",95. Nadi dnar Redaction anf daa Hirv ai d ayitam , die 
Russell (L c.) vonnmmt, erglbt «w» dne gnte Tybwni'hw Hminnfig der drri Bncx- 
ad«m Werte nnd ala Mlttaldne SmrnmihdHgkrit van —26", IX Eine swdte 
Boobacbtangandhe, die Yotglddae der Sonne mltArktnr, CapeDa nndFdaxlaent- 
bllt, von E. S. King 1 , Er flndet dne photograpUache Grfifie der Sonne 

Ton — 25", 85 . Die dnrehachnl ttHche Abwdchung saber H Beedmnnmgaa be- 
llnft rirfi anf 0",07. Ale denrit beaten dhnkt herfmmtm Wert far da 
Sonne woDen wir —25",9) anfthren, wobd nadi der Annabme von Rotanx ' 
far die MltteDbfldmig der Knroacben Bextknraong daa dappelte Gewicht xo- 
erkannt wnrde. 

4 , Die Helllgkdt der Sonne Im Verhiltnia ru der daa Volhnondea. DerVer- 
gldch der SannenhdUgkrit ndt der Heffigkdt dee Mxmdes wnrde mehrfsch 
dnrchgnfabrt, nnd wir woDen die E tge b uiiM cHeeer Untenochnngen hler an- 
fahron. Berdta 48J6 warden van W. Hnam Beobarirtmigwi angedeflt, die 
die TTjJHfl fcdf dea Moodea in GrOfienkham bedjmmten 1 . Eine R ednktlcn von 
Rukell (L c.) erglbt —12",79 ala HelHgkrit dea YaDmondea. Beobachtnngen 
von W. H. PiGXXBDia’ fthrten turn Werte — i2T,5i. UntervodniDgcn, dle^cddl 
daa 3 d hattai, daa HdH ^ ritiV Bhftltnla von Sonne nnd VolhnonddigdiZwlachcn- 
■nhait mi g dnea Verglddutichtei an beatimmen, atammen von Bond i860 1 nnd 
F. Zflmm lW. AhHriHgkeit deaYoDmcndea oglbt rich nach Bond —17",66, 
zOllnxr — 12",2X Ana aDan BeatimmnngM . ndt Be rilrkrirhtig nng Ibrer 
Ge wlchte, findet Rdbbkll far die HeDigkelt dea YoDmendei —12“,55 ± 0"<07. 


Dte. Getrinfn 


jistaj. 

(w). 


1 Hsrr Ann 6i, B. 5d (10OB). 

■ Ap J 43. a 103 (Wlfl. 

■ E&rVinn 5ft 8.3*5 (W^. 

• n—n« of Aatr. Ota. wade a# tha Cape at Goad Hope 8. 353 (1847). 

* Hitt Ana 61 , B. 03 ( 19 OS). 1 Met Am e rie Aaed N. & B, X 287 (1861). 

tt 1 1 a on 44 / Tjliw h hlM\ 
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K*p. 1. W. E. Bxnninin: Stzmbluf and T emporal or dor flan no. Ziff. Si fi. 


Verblndot man dieses Resuftat mlt dem Werto Ittr die HeDigkeit der Sonne, so 
flndet man, dafl die Sonne um 44 n ,47h£Bcr 1st ala dor VoUmand und damns das 
Hclhgfcritivar hflltnfa Samn»:V nilmmd — 4<Knnfi. Dicser Wert ist nodi mlt edner 
Unsldieriiedt vnn etwn 40% bohaftet, dor Jn den Beobachttmgui diwierJgke itgn 
bqgrflndet 1st. die im Einschalton elner VargifrichiHch tqpellfl Began, A. Heat** 1 
hat due Kathode'aogogeben, das HelHgtai tsverhfli tnia Sonne :Vo0mand diznkt 
in batimmen. Dies hum ndt Hllfe etnes Rdhrenphotomotm onf photngmphi- 
schom Wage ohno dn ZwiscbongBed und ahne Zwiuicnschaltung raflektkrandar 
oder drabierBnder Mndlun duichgefflhrt warden. Finn thoomthchs Gcnanig- 
kdtsalsdiAtsnng dor Methodo Uflt awaitsu, daB der Fehler im HdUgkdts< 
rnrhlHriifl SonnesYolImond nnr von der Grifienordnimg dm* Proxantee adn 
dUrfte. Vowuduergebniae nach dinar Kothnde dud Usher nodi nicht ver- 
dtteatBcht 

B. Absolute GrOBe und Farbenindax der Sonne. Um die Sonne ala Flzshrn 
mlt don fihrigen Fixstsmm vmWdwi so kflenen, ist m anch nfltig, die abaolnte 
HwlHgbilt, das moderns Yergnchsmafi, ansagebsn. 

In dor Einbdtsentfaraimg, fflr die bd der Angabe der sbeoluten Gfflfio 
jetst dorchweg dne Dfct&nx von 40 Paziec angmummien wird, die einar Panlltxr 
von 0",i mtspricht, 1st die HelHgteit tun 51”,57 goring* ah In Srainawilf animg. 
Saturn wir nach Ziff. 2 die Thnelle SonnenhnUighrit sa —2£P,72 feet und nach 
Ziff. 3 die pbotogntafahche sn —25”,95, so betrigt (he aheointo vhoeDe GrtBe 
der Sanno 4*£5, die absolute pbotographiache Grtfle der Sonne 5* 64. 

Ans dteen bdden Angsben wgibt aich swangki der Fsrbenindex der Soane 
sa 4-0”, 79. Dieser Wert ht in aehr gator Oberdnstimmnng ndt dem Farben- 
index da Flxatone ndt gtoichem spektnlen Chainlet* wie me Some. (Go nach 
JL S. Kuo 1 +0 - ,72.) Betxachtet nan die Same inf Grand spektral-photafnctri- 
schor Untanctnmgea nach A, Bam.* ah Stan van Typos F 7, so fdgt +0*,55 
ah Firfaeirindex im System voo Kxxo (vgi Ziff. 5). Dandt ist also me Einord- 
ntmg der Sonne in die Rdho da tl gelben" Fizstame gegeben. 

Wenn wir efao mm die Soane rach Spektraltypae and Farbentodex ah 
gelben Stem betrachten, im aDgondnen aba das SotmoiHdit ah wdBos Licht 
' oeflniaen, so besteht irar efn acbeinbsza Wlden^rnch. Du Problem, 
das wn ntHch physkilnghcher Matnr 1st (wir deflnieren ehwnmihi die Sonnen- 
farbo eh weifi, andenetts entstabt da gdbe Eindrnck da Stone van Sannen- 
typus sis Kmtrut inm ^hn dee Stflh d w w'h wm) t mi in dl q un Kapitol nnr da 
YoThtinriigtadt briber awthnt. Es wuide (torch K.F.BomnHin*nndE.ScHSd- 
Duran* gnkUrt, anf dene diwhesflgticbe Arhnffan itrwkaua eel. 

d. Boobaafatang der BonnnnhiJflgfcett an dan Flanetan. Worn ee sich 
darnm handrft. die Snnnun st ubbing nicht nnr nach flnem ahudnhm Werto m 
imhi n ^r hwi, i^mTh n Schwankungm in denelbea sa ftodg n, Untersudnmgen, 
<W* jm TTbihHnV infHai PmhL^m ^mw W 11 flWIBtwr ’Hwhnhrng 

so steht Tmta sUaa nodi sa bespr nrhenrien Stfi hlmi g smmnngmi die Beob- 
da ' W^n«awni»niHgfcwfh ,i i ugudilous) an bauchbartB Flxstone, in 
enter Lhde. Hhr ist ein Yerhhrm gegeben, du wie hum ein andoee den Beob< 
aphfw TOR Yerflndaangen In da Erdatmasphlre frefmacht ™d so ein objektfcea 
BQd da extratarastrisdien Soanenstnhhmg nod ihnr Yatndenmgan sa geben 
vennsg. 

* Zf Fine 3ft a W (19^ 

* HwvAna Jft a 179 JWaJ. 

■ an an, a sop (ins); 219, a 31, ssa (ws). 

* Sto Melm ehe—ilwBwi 13, a 18ft B2, 1092 (lp25). 

■ Die HeterwJMosohaftm 13, a 373 (W). 




ZUL 6 . 


Baohutatonf dar u dm Fhutao. 


Die era ten Untenodmogen in dkssr Richtung ■ftnirnmn von G. KOluu 1 , 
F.W.Vta^tmd B. S. Kars’. Anadtoaon UntennchnogenlaBeniichSchwankiingni 
kmipcdoddacher Natnr bn Betrue von wenlgsn Proaentsn nioht ndt SkhaUt 
featotoHmi. da sin dnrch in dor Methode fiberdeckt w ri au Ent 

dnrch die mitHilfe dor HartnaonevargenammenenUiiternichiiiigm van Gothiikk 
imd Pbagek* 1st rine gins weaentHche Stdgerang der BeobacbtnngqgoQaiiJgkrit 
emricfat warden. Die ITr—nnmn wnxdm an Satnm Jnpitv dnrchgeflhrt, 
tmd der HrJHgkrftiuiitorachiod, n&ch BerflcUchllgiing der n oiw e m Mgen Karek- 
tionen , gcgen Vorgidch*tarne in nmnittslbarcr NAhe b e tUnmi t. Sow ohl die Be* 
stinmmngBn cu dam Jtfaro 491 7* wie ana dem Jabre 1921* erg cb e u halm* 
Schwanktmgm liber 1 %, wio anch ana Bdap fal m an enehm 1st 


TabeDa 1 . Bibilabarnr Jnplter- 
hallif kelten (dUL). ibnlmofB 
tdd MlUiilwl Mdi Grams md 
Pitfln (L a). 


Oktnber 

ii 

NllTmibfT 


n—ww i i c 


(PMJOO 
+ .008 
- >010 
+ >003 

JO 00 

- joaa 
+ >010 

- >006 
- >002 

■ + *002 


TeJmDb x BibaUbarger Jn- 
pltarhalligkaiten (diff.). Ab- 
vakfaiuina ran MtMwrt mob 
Brnman (L a). 


Tatrar 23 j 6 
« 34.5 



„ 25J - >013 

MH» X5 + >013 

.. 7.5 + .OU 

>i 11.5 - .005 

.. 13.5 + .001 

„ 14,5 + .010 

» 15J + .WO 

.. i&5 - ,ooa 

17.5 + .018 

.. 30.5 - .005 

April 3.5 + -.012 

9A - jsn 

„ 104 - ,006 

.. 104 - .009 

.. 27,4 - .007 

Hal 04 ~ .005 

Die photodektriacben Ueaaungui der Haneten Bind lm Spektralgebiet 
X 3500—5500 ariggefflhrt, ge genU bor den direkten merftamachen Vfaranngen der 
Gf nitatnlilmitf der Sanno nn Gablet van X 3700—28000. Ee lit mm w ent - 
Hch, daB die Hrfitelnktrfarhnn Maungn krine Schwanknngen der Sannen- 
itrahhmg in dam Anmafla atgeben wie die Mdwmgao der Giwmlilrihlnng. 
trotadem, wie in Ziff. 25 noch anarimndersaaetaBn fart, Sehwanksngen der 
fi m inan al TnliVnfig lm km ■.fraTH gwn GeUete WCMOthch krifH y* cttti Auadiuuk 
tomtom xnQflbm. 

Ana fftngrtr Zrft Heat nonertkhea Beobachtangamatirkl an dbner Frage 
▼or. J. Sttohubi* hat anf der Iick- Slam w ar to die TtoJHgkHt»diwm1ning»i dor 
heQcn Jujitorlrabanten nnterancht, nm die rich ana dm Rotatim rrgobeoden 
Lichtknrvm m thedtoren. Der Anachlnfi dor SatriHtonhelHgkrilm an nahe- 
Uegendo Yaghrichaatorno erglbt aber xngUch die MOgHriiladt, dne ringnhwnrie 
KootxnUe der RV yiana der Son n en a t w bbmg dnrchnrftthrpn. Llfit Hdi irina 

1 1 BatedPnfai 8, Mr. 30 (1193). ■ BA 34, 8. 129 (19*7). 

* BctrAm 59.&202 (1914 «nd 81 . 8.200 ( 19 Q). 

* YariML BnUD-BabaUraa I, Haft 1 (1914); n, Brit 3 (1918). 

■ W. K. IbmiimTai^Pririidft, 8 .472 (1924). 

* IAft BoD IS. ft 1 (1927). 
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X*p. i. W. & Bavtuma: toahlnog mod Tanpontar der Sutmc. XJff. 7 . 


Schwinknng der HblUgkrit foafaMbn, die gUduudtJg bel alien SataUthm In Ur* 
Bbdnnng tritt, ao mnfl die Unache in Vertndonmgea der Sonncnatrahluntf 
gelegen aefai. Dai Ergebnia in elnom dr eiwflchlgan Zoitabechnittu let vnll- 
VpmnM negativ, wie aua nachstebandoi Waten ecdchtlkfa iat 

TabeBeS. Ueimigeo dar JupltorMtelliten fdlttmrontlell) naohSncuiaa. Mlttlorr* 
Abwalotnugea Itr Joda Naohfc In Tanaandatal Grflflankluaan. 
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Die Daim —Jyi also bd alii SatnlUten anftretendan Efn- 

flflaa. Die dnrcbachnittBcfae A lnnJ c h nng ittr dne Nacfat arribt rich an ±0*,00f, 
uiLLhiu pnkttah dne Unvsflnderttchkeit dar Sotnnenatraiumig. Bd w»h . 
gnnanlghrit van 0,4% mflfiten ku cgwlndi adie Scbwanknngai, aelbafc von nur 
1—2%, dhne mUaree featxuteDen Kin. 

Bine Nenndnkfcion der Baofaachtangen voa Si hh dib darcta P. Guthkick 1 , 
der lnebaandere die HchtelektiiKben dBDcOcn Uchtknrvan dor Jnpltur* 
KteDlten vwgMcht nnd sa inhuinliin FedateOnngen fiber fine Atrnaepaflnm 
gelangt, beditlgt die qnalitatmi Er g e Uila e Smsm*. Ea srigt deb dnn nueli 
■cUrise Innen *nhmwlMrtmimiiig £1 dan U wim y i nnd dnmlt dn Hbrab- 
dnfcen der rittmharhntHHrhwn Abwetchnng elner HdUgkdtBbeatlnmiiuig von ilrr 
Lichtkorva. 

Ahnlfrha Mraungm dnd 1927 anch von J, Stsbeum nnd T. S. Jacobskn* 
am PUnetsn *07111118 vocdoL Bd w, F, olnor Beobachtong 

v<m 0^,005 argab dch In dnem Zeitramne von mofar ala aval Manatai nraktiwli 
kefnn 1TalHgWl li»l ni « ilniiig 

Dnrtigo Beobaditimgen dnd anfianrdentlkh geeigmt, (dm afaiwand- 
fittda and objektive JCootraDe der finnnnnmi m hTnng in a™ voq ^ Photoadlu 
arf aBtan Spektnlgefatete m geben. Eine Foctffihmng dinar Untmchnng an 
Haneten und Mhnrien, deren ObsflAcbe nnr geringeo Verindarongen nolaiugt, 
aachdnt ■ohrwkbtig trad wohl um m mofar geboten, ab dbn Udkrlgon Ergoli- 
nteen die radbmetriadian Uamingm an dar Sonne von E, Prut 1 voUkrunmiai 
widenpreeben. WUnand naefa Psmr (vgL Ziff. 2J) krftftlge Schwanknngen dur 
knrswdUn Suuueuetiahhnrg in beobacbtan did, brings die Hditdaktrieehon 
Untemcnnngm an den Hmeten and lftwimi dn Uarga negatlvoa BrgobnlK. 
Bine mfl gHdy Deutnng fftr die Urmchen dievr Undfanmlgkdt wird in Ztit, 25 
gegebm waiileii. 


b) IataositfiUverlellung auf der Sonneneoheibe. 

T. AHgmafa»aa. Van dv Erie ani genkao, mflfite die Soono ab vnllkomiDon 
gldnhndBl g lemht e ndn SdieJbegadidnen. Dleaiat jedodmkbtdvFall Ea flint t 
dneHofflgkB ftmhn i hmrt ra derUtte naefa dam Bande an atatt. Die Annahnia. 

» Utiximgrim Pranl Akad 1937 , 8 . HX 
• Pop Ate 35. 0L W (1(07). 

■ \W> Hat Aa Proo 13, S. 3pO (19>7)- 
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tJbar Hundvar d lin king <kr Goa artetrahlmif, 
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die ursprftngtich rich anfdrflngte, daB die Flflrhcnhefllgkeit dcr Sonnedadureh 
ahnehma, dafi die Strahlcn amkracht, ■ prwWn t fhr ig uistrotm, lit n | y^ 
dam LAiaaorncben Goetz m verwerf®, znmrnl aJb dlo Abnahme der Intend tiU 
gegen den Hand sa vam Spektralgeblet nhhflngig let. 

Denkt man rich die Sonne ala achwarzen Strahler, der van dner Atmaephire 
nmgeben lit, die nor abearbiercode Wlrkrmg hot, ao wftrde cdch dn don Boob- 
achtungen entaprechendai Bfld eergeben. Ette Absorption In der Somugnatmo’ 
■phflro bewirkt cine Schwflchnng, dk rich dadmcb verachieden omwirkt, dafi die 
Strahlcn ana dwn Zentnnn wfa wn kfl rzg® Weg In ihr aurftcklcg® ale jcne, die 
one den Randpartfcn in nna gdangm. Da etne Ahaorptkm von der Wnfkmlinge 
abhflnglg iafc, ao let die Sehwttchnng anch fftr wachledene WeDenlflngon dne 
andere. 

£■ iat jedoch be! der Soane ale Gaakagel lm Stnhlnngqgleidigewicht za bo- 
T flckrichtig eo. dafi der Atmoaphiie nkbt nor eUne abaorhlamde Wfrknng zo- 
lmnnnt, aondem dafi In jeds Qua Sddchtcn dn» Anaatnhhmg erfolgt, von 
g iddie r Intundtftt wlo die Absorption. Schwasdchild konnte zeigen, nm wlo- 
vid hear die Bebbaditongen daizoztellm Bind, wenn wian atatt der Annahme 
doa arikihatiadien Gkkhgenrichtez die Abnahme der HdHghrit von dvSannan- 
nrttto nun 'Hand fftr Strahhmg^jlelchgewicfat berechnet. Writer® theorotiache 
Untenochtmgen van Emm, tftorz, Ldtdblad warden an anderer Stdie dee 
ffandbochea beqnochen. 

Kina ftberana tnCfeoda Don tang dor Randverdanklnng hat Wilsutg gegeben. 
Nach thm te non ® die zentnlen Strahlcn ana hdlWwn, tiefcrm Schicht®, 
die Randetrahlen dagegen ana kflhlgram nnri hflberem Niveau. Wir mJi«* defer 
in die Sonnenatmosphlro trinab in der Ifltte, wdl wir am Rande, wo wir die 
Atmoaphiie in adnflgv Rich tang erbllckan, ibro deform Lag® dumb Konden- 
aatianen in der Atmnaphlne ehgedeckt flnden. 

8. Dber Randverdunkhing der Oi—intoli aliTiing. Ober die Tabriche mner 
Randverrfnnklnng,dk hereto vraCHaScHKixKahfnharhtctwnnle, hat Bouguxr 1 
merit quantitative Angaben gmacht. Er mafi do VerbUtnb der Intenritpt® 
in der Sonnenmltto la der In riner tiegend voo 25% dea Sannenradhu all cine 
Proportion 48:J5. 

MmiBjBi der Gemntintmdtflt lings das ganien Sonntammdioa h a hen 
■1874 Plenum and Snuiroi 1 vargenammen. Sic batten die HeTH g hri t finer 
anageblendeten Sonneogegend photometrisch an eine Normalksrxe sngrschlo asen. 
Ttotz dor debd dnrdx Scfawanknngen dea Vec gViich s Hch ta rich o rgwhenden 
UAgenaalgkrit rind die® Mirangnn mlt modern® wohl an vtrglelcfaen, wle ana 
der folgamen GegenflheritrJPnng m cnchen lit. Bed all® noch zn be^zec h end m 
Beobachtung®rgdmlmen der Ran d vcre hinklnn g 1st der A ba t e n d vam Scamen- 
ym ti T|T n in Hanoartital doa So nn emadfaia angegeben. TM* Tnfwn ^i+afwn lm Soonen- 
a ® t ram rind ■■ 100 angenommen, ea bedeot e n dmrmanh die Intznaitfltnahl® 
In Tonchiedanm Abstindrn Prorate der HriHgkeit In der Ifltte der Sonneo- 
adiribe. 

Mearang® ndt der Themwdnle von Saccm" tmd yon EL C. Vocpn. 4 ffllirt® 
so BhnHahm Ergebnlamn wle bd Pick mao and Stkakok. 

Im Jehre 1892 warded iwd nene Rrih® ver OffentHdit van E. B. Faafr* and 
■van W. K. Wmo* 1 . AQe die® Memnsen sdgan die Sdiwieddmiten der Aaf- 
gabe. Wean in dor Nlhe der Sonnenantte nodi eine verhlltnbmifllg gftiwtigB 
Ubendnitimimmg gefanden wfad, u seigt rich bei weitsem Fcaladu’rited gegen 

TwdW&gom • Proo Ammia Ami a. S. 438 118H1- . .... 

1 A. K 34 , S. 319 (IB53). 4 Mithfasr Pnafl AW 1877. 8.104. 

■ AN ISO, a iap (1692). • Proo a lAWAAod s.aapp IMQ,* " 
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Kap, i. W. E. Bn; 


• BtnhlsDg TvnpKstxr dar San. yiff r fl. 


dan S omrni TBnd oine gins nmngniwerte Abwelchnng. Abgeteben dsvon, dnB die 
Watte in dor Nflha da Randei nnricher rind, schehien da inch abaohit go- 
nommop sa grafl sa sain. 





Abb. 1. BMhidrti m dt Bndwrdiril dnng: ■impugn TTiim Krimai j. gatridbdto 

Kim Eohnmw 8 m TlbaHe 4. 


Tkballai. Virgliloking dir Virt lilting dir Giamtatnhliing kif dir Sonnon- 
lohelbi atak TmoUidinln MiMDigirelhin, 
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Die Umcha dor A b iw d chungna da Maanngwribai v oprin indaf Uagt in 
ntfBlHg wn Fflhhm nnd in EnVfrwi Ind rmiiwnt»flUr Kltur. iii |y n«i 

tritt inch dn syTtaaifttbeheT Fehler inf, dor didnrdh hervuganfen wird, did 
dor stdrando TtlnflpB da ItT Athnh^liiw wWit hahoboc jit. Anf dfam Fdhlor 
hit soant W. H. Juirra* htagawiraen. Jeder Pnnkt da SonnenMda, dor gn~ 
nan wird, nidbt >mr die Stubbing dfaw Stolls ms, saadarn a Wi m twi- 
jnfalg B dor Uc ht— training in der Brdaimraphflra etna Strihhmg ms 
Gotriaton da Samenschoibo hinstu Dim dtflnag, deren Baflentung wohl 

1 Apj as, a ns ( 10009 . • 
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von Julius flherarMtat wnrde, achwankt natflrticb mlt dam JewriHga Zu- 
stsnd der Erdatmoaphin, wlrd fh—■ tmnw ^ bo amwirksDf daB die Rand- 
geHete «wfr|f Stnhlnag ana d*™ a a nlra lan Gebiet eriialtan wuhii ah 
nmgabahri: daa Zmfmm Aw StwmnnarhiSh* ana Am 1 PanrfpflrHwn. Die VOQ JULIUS 

vmgeachlagene Methods vermag dtaaan KhrfhtB anvaschalten dadnrcb* daB die 
Beobachtoogen der Intnaltlten wflbnnd <4 m u * totalen ftmiwnn i Mi f ni i yor rich 
geben. Um die Ran dv e ulrn kfaiiig %a erbalten, 1st ca nor nfltig, ans den etuebwn 
Warton der HrfHgfa**— Ymahrr+ I (^e rich ana dam Vortbecgmg der Mmufachriho 
ageben, dlelntaoriUt in efauelnen Teflon dee Radios n baechnen. Die Uethode 
wide sum eriten Kale bei der totalen Jlnrtwnis von i905 verwcndet, ein 
xwedtea Hal ehenfiT1n von W. H. Julius 1912 1 , Die Ergebnta von 4905 atnd Jn 
der voistehendanTabello angeffllirt. Vargleicht man lie mlt den Mit tal werte n der 
frfihem Miniingrin von Picmuro Us Wnjoor, ao selgt aich (Abb. 1), wia barelta 

ohm an gannrmm i, HaB <Hf InhfMlHf —1 rmeh iWff1no lTri«kTtiy Twdta yrin ff 

an Uelnen Wffte haben, nnd daB alch diem Diftema Immer mehr ven tflikL je 
waltvdlfiMeanngaigegendenSainiennndnfartacbreitai. NachdenErgebniaen 
von Julius lat die R an dayr rirniMni^ wimniHlrh krtftlga, ibfrflher 

men wnrde. Ea let nlcht obne Intaoao, daB die Utete MfnngMnfhii van 
PmxKKDro nnd Srsema noch die beate Obentnatiiniining mlt der Beihe von 

JULIUS leigt. WT».BrMhmng |W lftrfhnriw vri Jttt.ttMj dh rich tnl lfwingwi 
m m e hra e ii SpektnlgeUeten bedeht, 1st 4914 nr Anwoodnng gekammea* mid 

anlHn riarfiilgwiAwi Wff^ hoarmrhoTI IfdlVai ynf Hwn lwTiafidtorli—» Anhwm 

dabei bemerfct wnrde, tntaibd riner Iflngcr danemden TotaHttt Sdiwhrlglrfbn 
bed Veriahren wtw, die nn i f anderem ana den Trinperatnr- 

adnranknngen wflhrend dee Verianfee ergeben. WemtHch gfl nali ga 1st dabs 
ehtt kmeTMaUtUsdaoer. Die Ftnatanlavon4927 mlt etnerTotititifniaruTvon 
40 Sdmnden wnrde von W. E. Brnrammimd E. Ukrxs* nr Uemng der Rand- 
vndmi kfamg barotxt Dio imintmvlQiettaninit ringPhotoaenevorgwiMtninmen 
Beobacbtungen, die Ua n 0,99# fortgefBbrt werden konnten> goben Unen 
fllvr frttberen Ergebnim Hlnwela anf rich rapid asa- 

wlrkende RindwilunHmig. 

Ea lit von Intenaao, <ne jhiJ fa U to n Mu ynJii fiber die Rind- 
verdnnklnng mlt dem tlwpw i t f -h mflgtichen Variant der HrftigfcnttBBbnnhme n 
vnrflfllrhfm In naebstehenda TbbeDe $ 1st anlgenamiBen daa lflttel da frfibaroi 

IbbaDa J. VaraoUodaiie Forman dea theorotlaebaa HalllgkaltaverUnlaa Sousas- 
mitte bliRaadi vergUahea mitBaobMhtongaargabnlaaaadarHaiidvarditiiklniig. 
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Hoamingan und dir Kabo von Julius and gegaiflbageateUt der Hefllgkelt*- 
varteUuqg nach K. Scwasebcbiu) 1 , dor verbanortan nach R- Emdhm nna aur 
nach dem palytropan Anfban fflr » -» ) und * -• 5- , . . 

Ei idgt neb due ganx goto ti baeta at li nmung der genrittelten u eooac a- 
trnigon mlt dor VerteUnng bei Strahlungflgiekhgawfcht II. Noch banff ontaprWi 
dfauwr Verteflung die Flnetendaknrve von Jcmm am dem Jala® <912. in aum 
cUesen Filial lit die Intansitlt am Rande nicht 40% dor in te n mtat 

in dor Ktto dor Sanncnachalbo. _«. 

Die Poiytropen hfa gcg an jdgou koine Cbo raln a ri mim ing von w " 1 ™ r ' h r 
Gftte ndt do: gomiHelten Beobachtungmsihe, wu nm m anfffllllgiff *tj i 
nach der EinmrOTOirachen Thearle der Anfban dner Gaekngel nach car rog£ 
trope ft»3ai denhen iaL Nur die Bethe von Julius ana dem Jahre <905 wwa 
wie aneb. ana Abb. 2 endchtlich, elne bcmerkenaworta tlberehiatfanmiing nnt ocr 
tbeonedadien Randnsrdnnkhmg bei polytropcm Anfban #-5 anf. 



Bodenkt man, d*»B den Werten ana don Jahre 4905 wagon nngflnatJger 
B eobachtnngriiodfa^ uiigm kefai voIk* Gewicht xosobdsn lit, ao ecgibt $ch. 
doB aua dan Vnrileganden Materialn nocb Mne KnlwJaihinng gMiuflon werden 
tun «bw die den tnttfdillcben Y^d Ahninen am beaten mtiprecheode tbeo- 
lutiache Rand v er dim kiung. 

i GettliifBr Naabrlehtan 1906, 3. 41. 1 BooUfc-Fatekrlft 3.347 (W)> 










Ziff. P. 


Die H*ndvfjnhmkbmf In Abfainglgkidt von dor WoUoalkngp. 
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Auch oin YergfcJch dor theantlschen Rmndvcrdnnklimg in dnarinan SpeJc- 
traUxairiam nark Ldtdhlau mlt truvWnnfi von Abbot 

{n. fiolgondfi Ziff.) gibt starka Diffannoan in dm Randpartien. 

Dafl man tifwirhHrh, wie befan polytnmen Anfban der Gaakngal, mit efaur 
ivjddon TntwndrtfiiwhiTM njehnen nnifl, ™ rfnh oil fjmi Gnu- 

TOta 0 nlhert, geht, mmindart fftr kurrweHJge Strnhlung, ana efnar ¥rningi - 
rdho anf dam Gamanni 1 (>. Ziff. 9) horvor und wfrd nenordings bokrftftigt dnreh 
die bpplflndischen Fmatgnii mc»uii flBQ von Bksxbsiiekr und Mim. 

9. Die Randverdunklunc In Ahhlngigfcrit von der WwllrnillngB. Beni is 
1873 wnrde die HelHgknTtialiTiahnifl von Soanmmitte mm Rand In ednem spe- 
dwTUn SpektrvlgoUat imtmnrhi 1 . Ba Bind dies die Mesaangen vna Yoon 1 , 
mlche nach der BuMnar-Roecoxachon 
Metbode die Abnahzne der .Intanaitfli 
ira Ultravlnletten feitstallai (Tab. 6). 

you debt hlerana, d*fl die HalUg- 
keitaabnahme in konwalHgem Lichte 
twmtUdi raacher tot rich geht 

Fflnf Jifara apAtar hntH. C. Vogel* 
anf apektmlph otanat riKhem Wage die 
SaHigkeHavai - U niig anf da Sannen- 
■rfiwlb e in venchiadanm Gebletan 
beobochtat SeinaSrgnhnmwaiiid inTabaUe/wiadocgcgaben. DielnTkbe0a4m- 
iTiiiTKgig M tf i Tlfwn mttalwerto der r?naanillnlfiniitflfsrnrnn(frm a i fmm wn veriifllt- 
niamflSiggPt mlt den Warten Vogels im Galben nnd Roten. DiaSrihavcm Jdliub 
aaigt im gpTiawii Vecionfa eine anf fallende tlbareinstfanzming mlt Vogels Refhe 


TabeOad. KnndTordnnklnngdar Sonna, 
lemaisenToa Vool dnreh Snhwixmaf 
▼on ChlortUbarpnpior. 


a | -— 

a | t i wr 

000 ! 100,0 

080 . 

506 

aao 98.7 

045 ' 

503 

040 : 94 a 

0,90 1 

39.5 

060 82.9 

095 ; 

07.1 

! 

\ad ! 

13.5 


TsbsDe 7. HelligkaitMbnahma anf dor Sonnaniohalba In ▼orsahladenam 8pak- 
tralgebleten naoh den Maaanngan won Vookl, vargllehan mlt dor Abnaihmo 

dar Geaamtatnfclnng, 



TaboDa 8. HalUgkeitSTortailnfig anf dar Bonnanaohalba naoh apaktrilbolomatrl- 
■ohan maasangan Ton Vnxr. 


M 

4 MO 

r ™aS5— 

us 

«J0 

mo 

moo 

ffoml 

ooo 

lOObO 

1000 ; 

; 1000 

1000 

1000 

1000 

1000 


85*8 

•903 | 

93J 


9M 

94J 

• 95.9 

075 

74,4 

704 

1 B3.1 i 

i M ! 

805 1 

1 804 

900 

095 

47.1 

403 ! 

58.7 

601 j 

74.9 

705 

854 


i BAW 3, a S3 (ISOS). . ■ PoggAnn 140 8-161 (l873) k 
■ WonafAer FnoS Akad 1877. Slot. 
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Kip. l. W. K. Bnmnmon: Btnfchcnf mid T wnpwmtiir da- Sousa, ZKL 9. 


lm grtiMB GaMata. Eigonttich aodte mu {fir die Mramg der Geeuxtstnhlmig 
dm Cberrizatimmong nrit dan HriH^ntaabfafl im Gebdete ron 26500 crwuten. 
Da, mm, vie baatta awihnt, die ErgebnJae yon Julius die atiknde Bfawirtam g 
dar Briatnmephflre vermaldm. ao kasn mu wnhl upahmap, defi, warn diaee 
meh a na don Vocauch® Wat® an wins, die apektral- 

pfantanDtdacb® Rzgehniaao dn® nucha® HflffigkeltaibfaR dean Rude sa 
■eigen wfinkn. 



Abb. 3L Yadmrf dsr Baad wn tonWw f. 


Ktne spaktndbotofnetxiache Boobacht nn garihe van Vxxy 1 nnterracht die 
TfaWgtaJtw r M linig anf da Sanii ana cfacJbo in deb® SpekfnlgeUet® Ua xa 
215000 (Tab. 8). 

Bine Unfrnncfrnng Aba die Kandve&thmkhmg im nttimviolett® GoUete 
beben K. Scbwasbcsud mid W. Vnxxeu" vorgcoonnnen. Sle kamt® dee 
gmrflaacbte ^oktnlgebfat dednrch nrfat i rr . dafl afe UV-Qm b®ntxten, daa Ua 
15000 dTnr.bliaig war. Bin adnvacher Obaxug van SQber h ew irfcte , dad Struh- 
hqig fiber 2 5400 vnnknmm® mfloktiort, mater 2 5500 dn rehgeha ® words. 
Bi ■dgte deb, dafl die aburUecende Wkknng da Erd&txncephiro anf Ungaro 
Stack® -riel kiftftto a whfcam war ih jaw da Same n a tnwm i T e. Im Wat®- 
geUete to. 2 3150 bte 2 JOT nohm die Strahhmg infanga van der Ifitteiwgan d« 
Rud nucha, im w g liia ® Verirob eba Ungwma aia ffir Rot nod vkUett eb, 
Diaee aj g ®tfim Heh® BeobMfatnngugebofcwB lm Ultreviolett® Aid Jn oben- 
etehanda AbbMung v a inerJanH c h t, in da sum Vorgkiche die Werta Vooxlo 
im Gebiete 24090 nod 2 6620 mit arfga raiu ® atnd. 

Die SOmdai dnntenmdm iyp flba die Varteflnng da Tirfmaifif—i' trrf da 
Somiaiahrfheaind in Amerika v® C, G. Abbot* tmgefflhrt word®. SabYec&bnm 

*ApJ 1* 8.73(1903®. • Ap I 3J. & m (1906). 

v Bmtttw An I (IpOO). U (190B). m (1913), IT (19*0- 



ZUt 9> 


Bis H u d mdnfchuif in AhMngigfad* fn time WalkoMUifS. 


<5 



J 3290 
3800 
4330 
4J60 
4 §10 
3010 
3340 
60(0 
6700 
6090 
8660 
10310 
12230 
16530 
20970 



112 

99 

§6 

76 

64 

49 

267 

2(0 

214 

118 

«3 

Hi 

368 

333 

296 

266 

233 

205 

428 

390 

351 

317 

277 

243 

430 

394 

332 

324 

299 

335 

414 

380 

347 

323 

286 

254 

396 

366 

337 

312 

an 

254 

348 

326 

304 

204 

259 

237 

295 

281 

263 

247 

237 

210 

273 

2jl 

243 

229 

212 

195 

139 

132 

145 

138 

130 

133 

103 

99 

94.3 

90.5 

•6 

n 

rw 

694 

67,1 

64,7 

614 

58.7 

37,6 

36,7 

35.7 

34,7 

314 

334 

13 A 

13.1 

124 

12.5 

124 

H.7 
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Kip. I. W. B. UunuBi: Stahlaag md T enip on U nr dir Sumo. Xlfi. •>. 


Bochi doll In dim EnorgiomaxiiDa duo VencbiebaDg Bugs doe Sfroncnrmllim ;in 
godealst ist. Dio ‘WdknUngcn da Ma id ms in da unfasten -Rdhe da Tuli*lk> 
axnOgbdicn nnch due Boitlinnimig dor ettakttven Tampamtnr da Snow In 
dan atudnen Abschnltten da Soanaradlns. Dieao Daten haban, wio in Ziff. .>> 
anggrfflhrt wird, WfcuiKG so Schlfiamn fiber dm Anfban da Iliotosphgru grdlnit. 

Elno neaore Beobacbtnng mJ bo Ahbotb 1 bus dam John 4943 (dto Klnxri 
rate anchdoan In Tabelle 40 nntor ..Abbot") hat onta andoom dun gutllutl, 
V—fifUi Am m fhwwHiriiwi TTiJHgfcdtmjrinitf in dm Mimrinen SpnlH ml. 

S blotcn mit dloaon Keaangm vnmmebmm; de wnrde anch els Anagangwvihr 
r UntOBDchmigen cHtHrihg Schwaokungcn da Randrerdimkhing briml*! 
(fl. Ziff. 41). 

In nachstehmder Tabetic 1 40 sind die ABBonchm Werto mit da xwnilni 
Amuihinn vm E. A. Kilo (7— 5890*) nndda thooroHachcn HolHgkeitmlinnliiw 
oach B, Ldidblad (7 — 6000*) xuaunmengoBteUL 

Tsbdto la ViriUIohnig dor HelllgksltNtbnahme mf dir Soimnioholba iiui-h 
din amarlksnJseheii Biobuhtongrorgobilnea nit dm thoontlaohen Yit» 
laafe nioh. Min nnd Lurrman. 



*Mo 


IM'l'MI'' 9 .\ H>! 


10000(98,5 
9049 


API 95.10 
98.B 94a9 
98,77 94.91 


D 

IB 

LLHJJ 

MB 

Mrs 

IBS 

MS 

9144 

919 

93.43 

87.08 
819 ; 
87.04 

81.13 

715 

8141 

7105 

74.1 

7161 

6118 

634 

6135 

5746 

57.0 

6140 

4193 

410 

6177 

4119 

44,1 

4840 



JAM 

63.1 

59,90 


78,71 71.96 6A05 5109 
714 714 6M 616 
79,30 7343 6848 68.13 




99137 9A66 
911 901 
99.13 9045 


9135 97.19 
913 97.0 
10000 9131 97.19 


14.43 

817 1833 
8158 8116 


91.61 87. 
91*0 87, 
91.68 88, 


6183 

619 

7133 


7189 7130 
717 715 
81.19 77.36 


Erne goto Dmtdhmg da Beobachtangen geben die thearetiichm HuJlIg- 
memtd hm ge ii, fauhaandeco die Ldcdxladb, von da Samonmitte Us otwa mi 
0>65 £. Wdta dam Sonde u tretai in bddan Filial gnu erhehttche Alravi- 
dnmgen mf. Man ist mill bento noch ntriht in da Lea, g»"» fan Blnklnn^ 
mit dan in da vormgepmgBncn Ziff. 8 bertgttch da Sandyarfamkhmg ckir 
Gaamtsfnhhing Beiaerktm, die wnfare Natar da VanfamUang da Rand- 
parttab in den churinm Spektrilb alr faen Ida in arfcennen. 

In gma flinUriiw WrfMmh tiri Amt C UmamHi m Tilting wtttA. iWVm4nnf 

da Randradnnfafamg in wfunhym Spektralreglaifin gekfsatHch von Finettr- 
niobn untemett. Im Jafan 4913 kam j. Baillaud 1 bei selnai B^nbne h to ngen %a 

i OnlU—i /ism IT (1988). 

■ B. lama.in. Bora Ast* Upnl' (4) 6. Hr. i (190). 

* CH 154, 3.1861 (19U). 


























































ZifL 9. 


Dio Rudrenhu ildiBig In A1*im%fcdi von dear WeUaaUnfB. 
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der FertsteOimg, daB die vinbtte Strahlnng am SonDecnndo sttrker ad ale In 
der Mltte, Diem Ezgebnla ateht mlt den allgemaixien Aiuchaimngen 1m Wkler- 
apruch tmd kmmte wdtff nicht boatltigt warden. 

Bd dwnwJtiw i Ftnsbrnk bat F. Lutdhoui 1 Menmngen ndt awd AjcosteAm- 
■rhnn Knmpenmticm -Pyrb db Hna tmi uugefflbrt dne mH Vogxl imd A bbo t 
flbaelnstlmxiifiDdo HdHghritiwrtflUimg gefnnden. Die Bandvordimklnng vht- 
atflrirt rich mit abnehmender WdlmHiige. BddcrFlnitarnladeiJahi«Bl914h*ben 
W. J. IL Moll and J. VAX dkeBilt 4 Moanngen nnch dor Method© vanW.H. J dijob 
in mchreren SpataalgoWeten vargeoammeiL Stntt dncr efarrigen FInataidakniyp 
warden bo derm eeeba gewoanen. Dm M i wwn g an wohnt duo grade G enanjgteelt 
hm« i jedoch ergib deb ain StdrungBcffokt, der darin mm Audrock kra, daB die 
■batdgandan nod anfutrigenden Xatc der Kurven emo Asymmetrle dgtm. Wle 
Khan In Ziff. 8 kan crwflbnt, achelnt dies damn m began. daB wflhrmd dn Yar- 
bdgangDft dee Mkaidea TemptntnrvarAnderangai dntreten and dtdnrth Schwin- 
¥i m g w n Im Znatand der Atmoaphflre hsvupnifaD werden, die die 
Spektrulgebiete vocUedm elnwirk e o . Die Antoren glaaben daher die Ketbode 
ak mi vcnf un dbar betmehten xa mflaatn. Demgegenfiber bemokt Juinra 1 , daB es 
itch fan weaentHcben durum handdt, die Randyenfamkhnig awkeben R — 0,90 
nnd R mm 1,00 genan kennenmlernen. Dam lit eino Flnetonk msbeaemdene bd 
aebr kuna' Totatltfttadancr am bestm geeignot (rgl Ziff. 8). 

Worden die Mo mugcii da ipefatnlen Bandrardankfamg an Orten voege- 
nommen, die in grafia Hflbn gdegm Bind, ao wind a anefa mflgHcfa, anflerfaalb 
der Finsternkm verijBUchare Werto m erhaltm, die nahe an den Samemand 
harankammen. Dock ecbelnt ea, daB aoch In Helena Lagen gflnadge Emeb- 
nlise m ©ndden Bind. So haben 1925 In Gottingen 4 EL Kanx nnd A. Jdska 
mlt Hiotoaello ph ot og nq ihkchBr Begktrienmg Manngn smgefflhrt, die 
mit Slcberfaelt bis anf 1% dee Socianndha an den,Band heranriacbon. Ana 
demadbefa Jahre itammen Untamchnngm, die anf dan Gcmergrat von W. J. EL 
Moll, H. C. Boxen mid J. tax dxr Bilt 4 vorgraammen warden. In Ihn- 
Hcher Wdao wle bdm Varfahrm van Abbot wnzde bier dta SaonenbOd fiber dnen 
knr»enSpafalanfangdaMginDdinltTliaiiw«8ulrTidieEngyglelnl0Twmblndnnmi 
SpektralgrUetcn nglitrlot. Ea war mfigtinh, bia m R ■■ 0,99 Ttxmdringen nnd 
dflmft gegenflba der hk 0,95 idchandan Moamngardho Abbot* dnen Fartachritt 
m cndolm. Die ne non Werte dnd dnichadmlttllch bfier ih die me ri k n heb en 
Ergohnlsu. Die grflflt© Diffoen* vim etwa 2 1 / a % ergfbt deb me rkw I hdl g eniei ae 
bd R ~ 0,92. Duo Antoren glanbcn, daB die Dtfferenmn unta ondown in ln- 
atnuncntdlan MEngdn bd den Beobacbtangndhen began. 

Dem g cgo n tibcr bemskt Abbot 1 , daB bd idnen Untenochnngen nnr rine mffe- 
nxtridle Gmanlgkelt geptant war, fan flbrigm In der Zone R — 0,95 andi abmhit 
der Fdiler nicht 0,3% flbentdgt. Ea lit wohl krin Zwdfd, daB wqltere Untcr- 
mdnmgen dne FTirnng der VechiltniaK gebm wodm* Zabksrwerte vom 
Gomergrat abkd mcMvoOffcntlkdit warden. Ana dm Intendt fli ikn r ye n gdit aber 
ak wmrpt.Hdiei Ezgdmk dndentlg berror, daB swiaehen R — 0,95 nndfi — 0,99 
dn krflltignr Abfall der InfamaUitm Plata grdlt, der insbemodera fan GeUete 
von 1 4500 dentUch «nm Werte Null am Sonnenrande atrebt 

HtT- G AmmO T* baf dxmfalk g — wn wi, dU fWi Ycrianf der TT^Ttigtdf 

vom S ann me n trn m mm Bando dazstdlm. Sle adhHnfrn deb. fan waamtUdn 
■ • 

1 AxkMatAatrFj» 8, a. 21 {1913). 1 BAM 1, B. 170 (1923). 

■ BAN l, & 189 (193S). . 4 Z f Ffaya 47, & 436 (ItfS). 

• BAM J* a S3 (19*5). 

• Ap J 64, 8. 271 (1936) and flmlth n m UkoColl Mr. 7f (1936). 

• J da Pbyi «t InMadfapa (6) 4, 8.176 (1933). 
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Kftp. l. W. E. Bamu m; Stx&Mung. nnd Twnperttar dgr Sanno. Ziff. 10* 


an die fllteren Werto vm Voocl an imd wdchen damnnch stark van den rooderaen 
MamngDQ Abbots §b. Galussot kommt sa dm Amrhammg, daB azn Rude 
k war nor Stiabhmg ins dm OfaffMehonarirfebtan beobachtat w&d, daB man ober 
von der Soonenmltta Struhlang ana Schick ten venchiedaner Tempontar crhfllt 

In gens IhnHcbff Webe k ommt auch 32 . Luxdhlu* 1 am dm Betrachtimg 
der EnagtevertefLung anf der SonnanacheCbo In -vmchiodcnen SjpektnUgehinfap 
an der Anachauung ober Tompen tench fcfatnng. Er hfllt a fib- gogoban, daB die 
grtbicn nnd Mmwn StrahJen ana tkrforon ScMchten an tma golangcn ah dio vio- 
lettcn* 

Win beradto in Ziff, 8 angadentot, 1st ouch J. WiLtora* xa dfuneelben Eq^obdi 
gebuagt win Gallisbot and Lundblad, nnr 1st as ihm inch gehmgen, seine Tbecrio 
nrit dan omerikanbriim Boobachtnagaergehniaaen in Binkbmg xa brhuan. Be* 
tradrtot man beobachiete Strahlong an H”" 1 Pnnkta dor ah 

Somme der Strahlmig <» n » alkm Sdddrten, so Ungt der Bdti&f, don pIm wfn»Jnn 
rfr yhinnde Sfwiniwwch W Tt nr beobubtatm Strahtang Uabrt, nnr vm dor Anaahl 
dor darcb dio hflherm Schichtan nfcht verdecktoc strahlonden TbUchen ob. Er 
wild dnrch den ndttlaran Abatand der Taflchen nnd die Hob dor Srhioht be* 
aliinwt. Der Somme dm Strahhmg mtapricht dne gewhae mittlero Ihnperainr, 
derm van Waauro err od m e ter Gang one Damtoftnng dor ABBoncben Werto 
der Randvardunkhmg ermflgHcht (Ziff. 29). Dnxch dime Annahme gdingt ea, 

d< m bAJwwt gHfi anmiT w w lrlinn imd tmf <Uw T Tinnri w nhwr p U gwmnfnfm 

Iichtobaacption in der SamenatmoepbAio on vmlchton. 

10. GleichmiMgkijt dor Rnflxfrardnnkliing. VarhUtnla dor sentralon 
zur mhUorsn Intacdtti. In frfihermi Zeitm habeo unvaDkammanern Mm* 
w mi gwn <Wi Verfacfat an&Dommen lanaa, daB die Aboehme dor Bd%kdt vm 
dor Sonnmmltte gegen dun ~Rnnri htn voadUodone Werto in w f i iVAman Hkb* 
trmgen rnmehme. Lahgvt* hat nrft ThernxnAnlm ringehnnrio Untnrndmngaa 
in meaer Hhudeht angeateSt Bel aeinai Vwnngm der Randvardnnkhmg vom 
Sonnensontmm ge gen Nartkn, Sfldenj Oaten. Waatan argabm sich koine Diffo* 
nun, die ala roaQ anaosehen vfaen. Nach Exsxm TTimA dnr Qnnne Mim fa 
die Rindwrdnnklnng in der Richfamg Oat-Woat attxkor seto, ala in der Achaean 
richfamg. 

AhnHchn Unteiaudnmgen ndt vartotnerten Jflttaln find 1918 von Abbot 
mngrrtrilt wordm 4 . Anch eetn Ergebnia iat negativ. Er aohUeBt: Falla tiberbenpt 
JXfbnanen in dor Vstefhmg der Stz^falmg Bnp A* mid pom* 

afidUchan SoanondnrchnieBaaa rfmi , 10 wizen do n gni mit 

don hautigim BmbajcbtmgpmittaZn anhhcfct an warden. 

Die aalektivQ Randwrrinnkhmg bat zur Folga, daB daa VorbUtnia dor In* 
tend tit im Sonnanaantzmn an der mit derail Tntonrifftt anf der Gcnrnwnaciiaiba 
tar wacUedane WaOenMnaon vencbledazte Werto anniimrt. pie nrmrtngHcbe 
Dazstalbuig dtoaaa Vwfhiltnlw ass den aanwrikenfacheQ Baton (Kcun) in aalner 
Beadofanng anr WeDenllnge saflgt keinan rngnbnlfligm Gang (3. Kniofint dor 
TabeDo 11). Eine Neubeamzmmng dutch M. Knounr 1 MBt dime Sobwanknng 
dea arwflhnton Vierfaii toi toea Mnga dm Spoktrmne yplftnmmen. veodiwindm 
(3. Enimnw der TabeDe 11) nnd bewnlat qie Gttto dm ApBonohm Meoanngm. 

Mnount bat ouch dm RadBna jdoor Parde dor Sanneqacbelbe in den otn* 
xalnen S pek tra lberirken. onnithdt, in der die doit henacbenda Strablimg etotcb* 
knimnt dor rnttGarea StzaUong -Qbor die ganas Saanmadvfbe. Diem Wekto 
Sm die one der 3. Edkame nnd aua den Ergebnfaam dm in Abb. 4,dargQateIltm 


' Ap J 58. Bj US M •* SOW PnW *5, Rr. n (W7)* 

• Aauc J. o* C3> ia 8. 188 (Itefl. 
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MH Iuba YoMadanuifBD dv EaadTfrrhmkhmg, ^ 

mtatandm rind, abd in der 4. Kolanno wiodcr- 
EE"; toteremute Heaaltmt ndgt, <kfl diem Gefabt ffir ade Spektnd- 
beafrkn in ring- ga n*jc hm a lmi Zano llcgt ewtachm R — 0,749 und R — 0,775 
7 1 DOHUrtauwote Uberelntliinninng ndt Ldtoblad 1 , der 22- — 0.74 fand 

oar weflenlinge gegem dm Sannennrad fata. Dime Abfaljujgkstt lflfit rich dnrch 
nachatehendo Bafahw* dareteOm: c c 

0.750+ 0,0000017 (i — 4400) 


Anf dlmo Arbeit von Hutnaxst wild 
dodcrnen BeobechtangaergotaiimB fiber 
mrfickmkommm Min. 
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11. ZettHohe Verindemnym der Randyerdunhlnny. Ea lit tab Zwetiel, 
dafi wir dnrefa die rahlraichm Unterenctamgm fiber die HriBgkritra ta flm» 
▼on der MJtte *nm Rude in dm etamhim Spektznlbedrkm rfn*n tfafaen Eta- 
bUekin dlo StraMimgivocgtngB auf der Sonne hahrmmwm Die Wrumcache 
Tboone dfirf to *nr Ktarlagung dor Vantage wmontHch belgetregm haben. Noch 
■tad manefao SchwMyfceftm m beMidym, inabmanctara tat etae Fartffihnuw (tar 
Beobachtnngen vm yrtBter Wkfatigfarft, ran dm Hefflgkcitaabfcll ramrittolbu 
am Somumrand etawandfni ahtanmiffly *a orfamaL Ata w rftm a Auigahe rind 
dann dlmo nenen Warto mit dm varadnedenen MAglkhkritan dm ttane ttachm 
Rudverdtmkhmg elner Gaakuel wtattar sa TOglekhen. 

Du Problem wird wmentlkh kompitaimt, ran die Randrardnnktany xsit- 
Ucbm Schwanknngm pn te rw orim tat nml elm Boobachtnng r eflie Ham, nnr 
e tom A nge ohHchrata nd d ra e toUt . Van vomtardn enebetaen aokho nrftHchm 
Sdrwanknngm gan* undimbar, too Prfiftmy hat aber blaher nor eta vt ridUtnta- 
mfifily Uetaea Material, smtande gebracht. Dio beaten Wcrte tta- Raialvmfamk- 
limy atad wohl die in Ta h o fl e 10 angefDbrtm Baohwrj+T n y Hi yhn fn m Aw 
Jahre 191). Abbot 1 bat dtaae Eedbe ata StandardrsQie bmfitxt, ran ao mdbr, 
ata ale in eta Jahr einea abaotaten Ftackenminiiirama flUlt, Der Yergtoich 1913 
mlt 1907 trad 1914 ntat, daO In bdden Jahren dor Kontraet awiachm Mltte- 
trad Randlntonaittt grflfier war ala 191). Dta Abwddrang betng tel R — 0,9a: 
19071%, 1914 htogqpn nor 0.36%. Dfc Dtffarrmi dea Kcrntr aatm awefcr Jahre 
ttlgt aber anch etae AbhinglyUt von der WdlmllngB mai iwar doart, dafi 
die Andenmy im Itontnut atari ec Izn knrxwelUgm ata fan tany —TH yn Gebiete 
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Sap. 1. W. B. BsuuiKuuut Stubbing ud Ttmperutsr d«r Sonne. TitL «, 


In Eacbehmng tritt In Abb. 5 Bind die Abwakhungun dor Randvtrdtmkluiig 
1914 gegoi I 913 in ihrcr Ahhtngtgkwlt van der WaHenlflngo dxrgoxtcllt, und xwir 
fftr R -* 0,50 nod fOr R — 0,90. 

FroDlch rnnfl mu bedenken, daB olno Entadiefafam g fiber daartigo jdhrlleho 
Kontraxtechwiiikungen ent bus (bom grtfleren Materialo xn troffdn sab win]. 
In labor beraitu erwflhnten Untereochung 1 flndot B, Ldtdhlad Abbots Kantraat- 



Abb. s* A fawduhaa fan dor todw riimk- 
Inf 1914 jagra 1{H3 in AfaUaglgkaitvaa 1. 
(D er p mUj ut ltr £ — 0J0 umT R — 0,00 
mch Am.) 


achwankangen im Elnklango mJt dor 
Thoarle, and or hfllt Andomngan 
dear IntguimavcrtoIhiDg In Jahnm 
werJmatadrr SonnamktlviUi ffir StA- 
mngoo da rdnen Strahbngaglokb- 
gswbhtea 

Anch fiber die Frage tiglbhar 
Kantrutachwanknagon bt ob van 
1914 bb 1930 ndchaoda Boobachtnny- 
material pnblixiert. Worn anch aof 
dam Mount Wllaon gowlB nohr gfinstlgo 

Bnobechtnn gahefting rngwn harndm, 

ao darf doch wohl- etn Elnwand von 


F. W. P. GOn 1 ametUcbo Beachtung fin don, dor dxriegt, daB dlo Stmhlnng Hup 
da SovmenradhiB due Ahhflngigkdl van dor Ud rh B r gt njncn g In dor Erdatmo- 
qbln infwebt 


Znr EMmng dlaor inturunanton Fragen bt noch dn rdchanu Material von- 
nfitm, ran a mAr, ib bbher einmal edn Z r—TnmmliBnfl iwbohoa KontnuU; trad 
G namfi tn ihlnn g In dam Si one andentnngswedae gafnndon wordo, daB ntflrtaror 
Kontraat mlt golngra Gaemtatia hhmg in BexlAimg atcht DbBoobach tonga 
d nm a nd a m Jahna vdan dagegen anf efaun Z nunmmnnhong im entgogan* 
geaatxten filnna bin. 


0 ) Dlo Energierertollung im Soononspektrum. 

18. Allgametaaa. In 2fL 7 bb H warden die Unimndrangan b e ap ro eb g^ 
dfe alch «ur An^gabe ateDen, db IntanMtfltxvertefloi^ anf dor Sonno in arfbrachon, 
and swar (fie Inteolttbvartaflnng in rfradium Spektralgebletnn Im Vorianfo 
von dor MItte der Sonne bbxnmRando, Gcht man mm damn, nkfat don Voriaaf 
ds In to nal t it anf da Sonnenacheibo xu ebtdbran, aoriorn dlo Enmvio der 
Strafahmg der Same in den d n xo bpn Spoktralbeilikon mltsinander xa vrjrgSdusn, 
ao tre tan n uhrare Sdnvbrigkaltan aof, dlo fan waantUchon dnhfai mammon- 
gobBt werden hflnnm. daB atfironde EinGfiao dor Erdatmoaphlro eingreifen, 

Eineraafas tretaa in den Energlokurvtri Depraakaen arf, db tanatzbehm 
Ui yranffi Mod. Andrendti bt db Baobachtbarkeit and Mamng da Samuo- 
aowofcl fan knixwdUgen wie im langwdffigoi GoUete ebanlalb dorcb 
Abaarptkm in der BnbtnuapbOre be ganst 

Elncr der oaten, do rich die An^abe gotaQt hat, den Botzag da Energb, 
den db d nmhMxi S pat l rxIbn xi rto uir Gearatanergb der SnmMnelr nhlnntf atofi wi , 
x n nnta michep, war Lamaiwcv 1 . Seine Energbknrve bt In Abb. 7a In voridd- 
n^. lrah Mnfl a tihn wbda.gegoben. Entdnrcb.dblbitervDdbangeavoaS.P.LAMauCT, 
db a dann in groBem M fl Bx tah e von Abbot trad arfnm ifltarbettem weltognfflhrt 
warden, bt ri n wentllrher FOrtacfarftt endeUwtrtku. Darch dbEinlflhnmg da 

1 8. Am. 2 , B. 14, 

! AIT M 3, 8. 65 (1931) and Du StrahhupkUma m x—. bmWb Bprtnar (19351. 

■ Fog Aim 146, 8. 300 ( 1173 ). ^ 
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f^ wfchuThnlnfnwtwrg —r rifa Wnwg i aw nf f H flmig <m Snwww ^ nAI m m fun 

dan richtbaren Bcrdche wdt innUltrarota wodflhnfm. Umdassoermflghchcn, 
Imttmi in rff Appvmtnr itatt ^■linm vnflberte TTnhl q iLy J, stait diw Gtas- 
prlamBi ein ■nlrhM m Stdnsds sur Anwertdnng. Tjh hmt bimh nrf t ■ d uam 
Bolometer nodi TemperetnnintersQhlede von 0°,00001 feststeHen, wflhrand m 
Abbot gelang, die EmpflndUchkedt Mb so 0°,000001 so atogcni. Dio Moumgen, 
die LAKraxY 1 1881 am dem ML Whitney anrfflhrte, ergtben Werte da Ezngie- 
TTrtdhnig im Sannenspehtnini, db bis l 38000 reinhgn. Um den KhrflnB der 
Brdatnnphflie so bestizmnen, warden Balognunme in venddedmen Samm- 
TiiPimi ganacht. Dadnrdh w yhwi idrh fflr die « 4n —l . 

nen Spektnlbesirke, warans schUeBUch die Boogie im prisms thrJien Spektrnm 
inBechalb der TW«tmn»pli<ira gefimdan wird. Bs ohUegt dun nur mehr, nm dan 
Blnflnfl dm wfllkttrikhcn Dispendan des Prismas anssnsRhaltsn, das prinadsche 

Bnwg lflB Twktmin in wfn mrfnalff m yn fiivMii | in Hwn tW Ktwg h- 

burro die Weflenlflngen uftraten. Bln onkhm Narmelspektnnn Lavglxtb 1st 
in Abb. 6 wiedagegnben. Es sdgt ein Maximum etwn bd X «— 6700. Die Dsr- 
stdhing der Enerpevertdhing, mo sle antnmadsch mit dnem sag. Boiogrmphan 



m g ki Hur t wfrH, wrtmnnt man ansAhh. 7 a. nnd 7 b. Wogec der Tttghflit dee Gfifrmno- 
metm wird die Burro swdmal in entgegengeaetster Rl ch tung regbtriert Als 
hMijiHdim Voianf der Enogtavotefimjg fc*™ men dun daiWttel bus dlim 
bddff 1 Knrvon besekdmen. Dentllch dud die siarken Dapradaun insbemden 
bd l 7600, 9200,11000,14004 18000, 26000 nud 44000 *o erkennen, die inch 
T-fWnyjEY fnit Hn rhafahwn hmnUl mo t Aid. Sle ibid, wfascbon OWflhllt, (luidlWBg 
Uisjxiuiga, Buden dOs Wm ilsinpfrs nnd da Knhlen stage. 
Die Eimaakung in daEnergiekurro bd29200 (per) spidt doe beaondereRnfle 
bd da pyrgTy" 1 }* 1 sar Eanlitfamg da SalarknostutB (Bf L 22 ). 

gfry Tlfflri l niiii nu g ltnwgiw tlw Snrmnnap HVtrnTTta 1st m nfltig. die dnrcbdle 

awflbnten Depfceadanen slch orgebenden KaaektiaMn insuhringen, udd odis 
■l^’ pTirh Karektifloai fttr dan nlcbt registrierten infraroten nod ulirsrialettsu 
TdL So 1st ea erinzdetUdi, Im UUmviolettan dne Bonektkm wegen da Omn- 
hanAm vuminebmen, die each im lugwdHgen Gebiet bd 148000, 58000 nnd 
lmbesandere swlschai 2 9J000 nnd 97000 uftreten. 

r ^n^ i Am gnmnumnn frwuiawqiafcinunB. DerobenawthnteBinflnB 
da Ou nbanden imUltgaviolettan, derbeannders krflftkrswischen All 50 nnd 12900 
feiiiv^r jjt, wmde inabomdae ydb Ch. Fabst nnd H. Bumoa 1 nntenneht. Es 
adgt skb* dafl tmta dleaam Blnflnfl daaSona B Dspektrnmbd X 2900 ibbrfcfat, dne 


1 Aim d Hija (ffl 
■ J da Ffaja «t to 


19. 8.336 (1813). 

BiiWnni (6) % B. 19? Tmd 39> (1931). 
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Bap. l, W. B. Bnmnm: Bfanhhmg tmd Tampontor dor Sonne. SUL 13. 


Hmtixm, die herds Hahtuct aafgestallt hot Dteae FeBtatelInng wurde dnrch 
B. item 1 hesttdgt Nach Dun enact das Sonnaoapektnim bd dor WeDonlflngn 
J29J0 1 . 

J. DDG£AUXnndP. Jkantxi* haben die Abaarptionm dee Oxau awiachan22900 
and 1 2100 unteraadit, b owk die aatar i 2100 flegenden Abaorptkxubanden da 
Ammnnlnif - DioAatoMn brnTwlrm, d»B aJch, swisbbsn dieson bddnn AbaarptknB- 
geUeteabell2100alne Jdeine Lflcke bcflndet, E*mflfltodahermflglich sdn, onf 
Beofaachtimgipaiiktzxi. die in gxoQcr Hflhe gekgen rind, wo an and fflr richanch 
nor dn wj s diwio dand kkiner Ammoniakgohalt der Loft %a orwarten 1st, an dor 
Stalk bd l 2100 «rin bkber nodi nicht ecfaBta klefaea Stflck dcs knrawalllgon 
SonuempoktnuiM fotxastelkn. Venracho in dleaer Richttmg, die due ErWtn- 
mng da bekxnnten SanD en epektrama geben kflrntnn. lind 1902 von E. lteYn 1 
auf dam Gcrnergcnt, ipfltar -van F. Laicbkkt tl a. 4 anf dam Mt. Blanc azugofflbrt 
worden. dock stats nrit negattvera Erf alga. t)ber die mefibere Sorawnatrehlang 
lm Ultrivioletten and ihrs ZvunuunhftngB nrit den Oaonhandnn wird in Ziff. 25 
noch ohnnal gekgentlich der Beepcedmng der v ar m otet m Schwankungon der 

Snmwn i l n hlimj gnrBckuklBUi MP 

Was non die Entroekung dea S on o on spektrnma im langwelHgen Gebiet an* 
bdangt. so haben, wie erw&hnt, die apektralbolnmotriadioa Untarsnchnnffen 
anprftnglidibk sa J38000, apatadann trissaJ 53000 (5.3 v )aoagedchnt warden 
kflnnan. Abbot and aeinan Htarbettern vordankm wir aoflordam SpeaUktndka 
im wattarau Infnrot, Das GeUet swkeben 12 his 20 a wnide von H. Rdbkks 
tmdE. AacHKDua 1 antaancht. Bs ergot deb, daB StrahhiDg dteacr Wencnlflngen 
im SanDcnqnktmm ebensowenig an linden war, wie die Raatstrahien da HaB* 
rati bei 24/J, oflhnhnr deahalb, wefl ale dnrch die atarkea Weaavdampf- and 
Kohkneflnro-Abaatpdonm dor AtzncepUre abgedeckt wnrdo. Anch die Untar- 
aodnmgon von E.F.Nichgu 1 , die nacu den JRaatstrahkn doiStrinsaka hd 51 ft 
lm Sonnenqwktnnn foraebten. Bind nogativ gehtieboi. Du Gablet von 100 
bk 600 fi wurde von Ruhub and Sghwahdchild t 1914 geprllft. Dkeo Anton® 
Ronnten fatatalkn, daB, ebarfilkinfolgeda AbaapboiwindorErdatnwaphflrt, 
sue dieeen Wm n wVHrhwn ‘Rrwgiwmwyq aor FitIw g ohng on . 

Die Frags n*ch dam V oikrmimen von Wdkn ana dam ekktnunflgnetkchai 
GeMeto wnrdc vmhl mend lB96von J. WnJsnconnd J. Schxdckh* angochnitton. 
Hire Venoche rind negatlv aua^falkn. Spfltcr hat Ch. NofiDUAMN* diaabesflglkbe 
Untanadmngen anf dam Mont Bknc angasteUt. Hr famuntn dnm Brgebnia, daB 
Radlowelien im Samanspektrum catweder tatalchHdi fohlrin oder, ad a in dor 
S nmwi a ti noq>htoall»todgrinhahflrBn R c hi c hta ndorBidatm(Mphflxo t abe Q r H ort 
weed®. DBOANDRxa and Dbcokbb™ mdebtea die neg&tiven Bigebiriaa nidit 
ohna we iUi r a ala feetstehand anahen. Sie ftQnen ak grtfito Schwierigkoit dk 
TJnteacbddnng der Welka aokren. and taTOtri acbai Unpnmga an and schkga 
vor, gieidaeitige Beobachtungea an mehra rai Orten in dkaor Hlnricht vonm- 
niduimn. 1922 hat,G. Abbtti^ bdzn EangreB der IAU angeragt, Ma omigeu der 
pfinwwt r qhTun g ndt dnhtlom si gtialwi nnd der 'HjwhndifTtng ma gnwHiOirr 


1 AasdPhja (4) U 8. S49 (1PQJ). 

1 K«i A. wioand, V d dovtnb Pny* Goa XV, Hr. 21. dnd Ba h a ph t u ngoa bk l alpd 
■balk wdm. 

1 J da Jbj« at k B adl am (<) 4. S. 115 (WS)< V|L ndi Gfln, Du BtaiUmpkHiia 
von Aita, Bovttn, Wpriapw (1S06V 

4 J da Fkya at la Madhrm (6) 4» 8. ajo ( 1903 ), 

» WW Au 64. a 584 (1897). ■ Ap J 26, a 231 (1907). 

' Wta ang a bn' FruS Aknd 1(H4, a 702. a AM 442, a 17 (1*6). 

■ CD 134. a 273 (1902). u CR 134, a 52? (1900). 

n Trait rHnn a of Ifca I. A. U. VoL 1, a 209 (1922). 



Phin omgTM <w Vw WnAm j m frfjngBQ. flnm frlffrurlg w n nwgnfrfgwn BU gahnfa Hinfl bo* 
merkt warden. daB g f^mnirw T 7 ti f*r«nr h j| mg wn fldn 0 Brachong dsfoo derErdober* 
flflnhe anag n aa ndtm Radlowcflen In hBhgnmSchkAtmdjAtnMgph^ f n a t g rBt nflt 
haben, eine Brochmig, die nr Folge hat, daB die an^jeaendetm Strahlm wiocWara 
Erde sorfickkahnm 1 . £■ lit non nlcht MWgMehloin, daB AbnHchu VeriJUtnk® 
Midi auf der henacben Tfnd dahar «n ym Htn Sfa fihhmg dl^— Weflen- 
aetietea nlcht in tmagdangt. Anderaedti habm Unfaaanchmigea von ICBlPimrf 
m JflngaterZelt ageben, daB kimpatodfarba TftnWanmi in ftiwnm WeUengeMete 
(aoif.Stfinragon) anfGeUetenderErde, die fiber 10000km vnDdnandvaittentrind. 
gVrfohirHtig reglstrJert warden keen ten, dahar aOem Arachein nach einen gemetn* 
Mmenaii B e rtaB Mtifadiminifl^ldi en p al aBlnderSocnflgBlagenflnUiiprnngbMftam. 

14. Verflriohunf TaachlwlwnarMnMiiiUMiigahiilMa, NachdiaaemUberblJak 
fiber die Anadehnnng dea SAO n ^™r^^mma woUen wir nna nodi ndt dnlgen 
tHchon Ergebnlgen fiber dm TlMk iX verglalokuag dmx RnargIsTartat- 

laag rviaohan l 4430 and 1 6000 ana Baob- 
ihi 


aohtangas In Taaarllla nnd Aaerik*. 


Vedanf der H a ggle v ertnUnng be- 
acbiftlgen. 1m vtanellen Spektral- 
getdat aind onf dam Moant WQaoa 
nnd dem Mount Whitney van 
Abbot and Fowu? Ena^emea- 
mn ge n ugntdlt warden. Hire 
Ergebntaee ilnd in TkbeOeia dar- 
geatsllt, fan Vorgkri ch ndt der 
mittleren Energlekarve, die K0 l- 
ixs 4 anl Tenerlffa ge w m nen 
bat Die Mfiiusacheo Werte find 
die gewichtetan lllttol der Be- 
obacbtnngm In Orut&vm, Podrogfl 
nnd Alta vleta. Die Obgdnatimmnng d* TeMiffa-Wgto ndt dm amerikar 
»r<t*nn 1st reefat befriadigand, waa ran ao be m er h n m w e rtar 1st, ala die Be* 


TtbaDa lj. YargUlehaag der spektrml- 
photomatrlaohaalafca naltl tamaaaiiagam 
■via eh an l 4430 and 1 6000. anf Tana- 
rlffa nad 1m Potsdam. 
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9.936 

0904 

6790 

0914 
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obachttmgsznethode In Flllen ginsUrfi voxieinandg' vencbleden war. 

In flbnHcfaar Weiae wle MOxxjcb, bat J. Wnanra* ^jektralpiwtnmetriadhe 
Mbaaongen im visoeflen nnd plm>n||wpliMwii TfcU in Potsdam vergeno mm e p. 
YergleAcbt man die Werte von Tene- 
riffa, naebdom ale anf die Fotsdamar 
Bfdhe redodert warden aind, mlt den 
Ergebnlann van Wilswo, wle a In 
nabenatrihroder Tabefle geaddeht, ao 
selgt alch anch bkr ainebefriadlgende 
O badnat bcmnii g der belden Mea- 

WHUfi wi hmi . 

In dnw grOBeran Arbeit „Photo- 
gnpUacbo Untemxdmng der Intno- 
dttowr tdhnig in S t ama p a h t ien ,> bet 
H. Rosdvbkbg* im Berelche von 
X 4000 bia X 5000 untar andrran anch 
Tntnn e ltltai i wnn g m lmSqnnecqaek" 
tram yarganommai. Dleee Muaanngi- 


— 



4430 

1.704 

1 A 70 

4570 

1.706 

1.695 

4730 

1.713 

1.714 

4930 

1.693 

1.717 

5140 

1.603 

1.096 

5400 

1.656 

1A70 

5700 

1.638 

1.643 

6050 

1,600 

1,614 

6510 

1.593 

1.579 

6790 

1.570 

1.560 
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(im; A. H. Tatum nad K a Hauuar, 
t. Juzb d drmhflnaan Tal 38, 3. 109, (1930). 


1 O. HaATanxa. Kao. Brifaatoa 

Phya B*v « 37. B. 109 (1936); H. I—. -- 

a Bkfctr Narftriditao-Teehnlk 3, & 439 (1936). 

• ft mi i k fMi Ana m (1913). * rad Pubt 23, Hr. 64 (1913). 

• Pobd Fatal 2 % Mr. 66 (1913). # Act*. 'Halla Cl. Mr. 2 (1914). 




„ „ n. .nmn- flfcnhlm* nod Ttanpantnr tier H**oo. Ziff. »»■ 
34 Sap. I. W. S. fta™ 1 ™* 0 

„ _ ■Vmfffl vm MOllkh, Abbot-Fowl* unci WH ' 

reU " * owi ° ^ b ? 1 w^nt^nm £grtnatelkm« wla aich din mi mw v« > ■ 
■Dia hat A- Bell d un bea g ^ J Kng| u- ; w 0 ^ clki Bmmtchnn, fflr din rin 

whW""" 1 Me ^ ? dBn fdiotfJon KjvtfRtolhnn uintflp*n 1 iikh«‘I»* 

wvldHim Vkln.l- 

y -* ** nT^t^rf&rm^tk* TiricnbcdiailunhiJl. KWuWfti mfiil#' *!»*•■ 

die Sam v lcbirfOw *^ HoaDm[R(1 ^ Wllrtll «|M„ , TK ltrt 

M to SfotolU-c, l '». mu mm, .In* 

Sj nndPofariamcrWefton, iwwki.km »<><•}» 

” bbi ItiOO dno gnn* vnr»0(fttch<i OUtpIii- 

SfaO* fflr dk> SpoktniIkWl'7. In An, UMm-l, 

Si t eb Zwerv weifler ala eto Haasatoi^ Tymm, lb il« * 

W 4 mmt« SooktnltypuB F7 d* Sonnu In din smut Mir 
crkUrtriditolurtidkil)»ffi^*nB 

inXT&AtStvwL F7 b e*S GO, vdcb letatro dor Stmktur <kn Spuktnunt* 

tandta ta fflfr - 5 hcrTOr S° h °l*n. ^ lbrln-lt- 

fatfex der Sonne fanKiimriien System so +0“,55 i . 

Die obm wthnto svelte Rribe Wtuurca* tfellt dno Fortfflhnjiig dcr lkits* 
Aiwr Untanodraiarcn 1m *vwm*nipaklmm dor tmd cnrtrockt itch oncn ink lit 

dcm ultrarotcn Toll IiIihhii* 
Tfebdb 14. Varglslckoag dar KnargUTOrfeaUuiig Dadundl totca mflglkJ I, V< tr¬ 
uck Aaaor and HVtant evteefcra * 6H°J■** efcdchfl dor Putedainor Hi'- 
1 a,no. i».o|.> *•< »•' » 10 “° Saehtungon mlt .km ml*- 

gedohntnn buinmutriivhi'ii 
Untenmchnngtm Auhoth 4 
■nsustelhm. In Tal)riht M 
dud (llo WiTtu dor Kneitfi— 
vwtdhinff dnandor wofinn- 
ftbagustallt, wubnl dki An- 
Boxscbon Zahlrni Mltti'l bum 
don Bonhachtnngon mif 
dam Mount WUwm uml 
dom Mount Whllnuy rtnr- 
Ntdlcn. 


WMU 

k«a- 
Amm 

tgMmm 

DOM 

6600 

01125 

0380 

+ 0043 

700a 

0365 

0347 

+ 0416 

7«30 

' 0457 

0263 

-0026 

6100 

<U87 

0407 

-0020 

*0260 

0000 

0000 

0400 

13310 

94*4 

9409 

+ 0005 

1536D 

9JM 

9J« 

+ 0426 

16790 

M58 

94» 

+ 0436 

21300 

9.110 

9456 

+ 0051 


He Unhradnmgen Abbots ana Washington, Mount WHnon tmd MmuiL 
Whitney In den Jahrea 190J Ua 1910. die 1m flbrigon kobo AhbOnalKkoit vim 
der SrrMha der Boobachtniigmtetkmim so «ag«i achoban, dml anch dnsu vnr- 
wendet vmden, tun die Vvteflusg der Boogie 1m Sonncnflpoktmm ahsulrdhm, 
vie rie sfch ehiem Beobtchtar d c Met at , unpvtflrt dnrch don BlnQuD dor Itrtl- 
at moaph ir e. Du Eigebob 1st in nadtatahendor TabaHo dargintcUt. 


TUbBb if, DU BaargUfartallaag In Sonnanipaktram aaOerhalb dor 
_Brdatmoipfctn aaob anarlkaalsoboa Mouengoo. 


3000 

539 

5000' 

Hflfr 

16000 

flint 

532 

3500 

204 

6000 

5043 


217 

4000 

1336 


2665 

25000 

13 

4500 

6027 

10000 

16J7 

30000 

14 

4100 

am 

13000 
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‘Alla a B. *0(190). 

•A* (190). 


“ FoUdPiU S3, Hr. » (1917). 
4 Mttmn Am D3 (1913). . 
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Die ana dleaen Werten itch argabende value Ensgiavarteflimg Ira aog. 
norrnalwi Spoktmm idgt dn ehaiakta riatii diea Geprflge. Bin acbaifn Intan- 
riHhwnaxhniim trltt bd i 4700 dn. Einem vcrhUtnisotBlg aanftan Abating 
dor Enargie ran Maximum gegen dan langwoIUgan Tefl dea Spaktrmns atoht 
dn inBenrdentlkh rapidsr Ahfall do* Boogie vopi mmfanalm Wart lna knn- 
voUigo Gablet gegenflber. 



Benrtige Untmodbangn der Enagtevertrihmg dud van Abbot ouch In 
apAtoran Jahren fortgofflhrt nnd die Ergetadse inafflhrHdi in dm Smitbaanian 
Armmim, Y6LIV, p.20J 1 eofltfantHcht wwtfan. ZBeaeneaenWote rind ebenao vie 
dJo trfih*rm nr nfollimg d<r Ej Mryiever tofl ngg in Abb. 8 wiedogegoben. Zogidch' 
dnd Mm Ttr ywhdm* der Fotadamer Hebe Wnmtaa raft i nfgniuuiii iic n 
Bio ~M^.TjMjp Vg^dmng do drei Rrihqp inf Grand dar Red nfcdonoi, die 
B. Xjxdblad 1 y ^ n wnniTiman hit, aowle die Wcrto da mildmi Ens^nerld* 
hmg un drei Rflihai. rind in TabeDe 16 gegeban. 


1 TlulMiililBiigMi BM daa Tahno 1920 nod 1923 van Ajbbt and A uart ai rind m* 
midglam ftntH o w lflns Coll J4. Mr. 7 0903). 

> Mom Aria Upml (4) 6 , Mr. 1 (1923). 










gap, i, W. B, Bnumnoai: hjkJ T rnnpwi I nr dor Sanaa. ZUL 1J, li 


Tfebrile 16- Verfleiohoag dar Intaniititavartething lm Sonnenapektriim anflor- 
haJb dar Brd itnoipkara ail Grind dor Koaavngon Anon und Wnmna, 
(Badnktfcm aul ahaofatn Iataoaltftiwi nacb LunauD,) 


WWW 

□ 

w» 


4J0O 

*7*> 

□ 

a m 



cm 

ano 

Anar I . . 

0.31 

1,35 

a.50 

3^7 

330 

2.91 

1.54- 

*96 

*52 

0J1 

*14 

Wruaio . . 



2.37 

V» 

3L2S 

234 

1.76 

1.10 

0,56 

0.31 

*14 

Abbot n. . 

“J 

1.73 

2.57 

334 

3 A* 

XT* 

1,66 

134 

0,59 

0,33 

*13 

Mittal . . . 

(OJi) 

(1.64} 

2A* 

337 

331 

*77 

135 

133 

0,56 

*32 

*14 


Die Oberdnstinuming lit van bamerkooiworter Gflto nod gibt dn kfarta 
Bfld vom Ennglevarlaiife Im weiten Becekfae too A JOOO bis A 20000* 

Durchwag enchdnt dee achnrfo Knetgkuftztnmin bed A 4700. In dar Abb, 8 
hat Locdhlad nebon den Beubachhingsargobniaen aach xwri Snsgtaknrvai 
dngeagichnet, wfa de thearatiech veriaufen mflOten tmtar den hddm An nab men 
elns effokthron FhotnapbAreotamparatiir tod 5740° baw. 6000*. Dio Baobab- 
tungen nhmfagcn rich, wio man debt, am beden dam Vsrhmfo an, dor am dor 
iwcrtun Annahme folgt (vgL Ziff. 2fl und 29). 

AhnHch, wie ea Ldfqblad getan hat, fat anch von enderai Antoran vonracht 
warden, ana dm b co fauuh o n a n Memungcn der Engfgigvartgflang Aafachhbm 
fiber die affe kt iv e Sonnm item perahir xu gewhmen. Wtr warden daher anf dfaeo 
Pntaadmnga bed der Beaprodurag dlrw w d tere a Ptohfema In Abachn. f) 
neuecUch sarfickkoonnerL In deni folgendan Afaechnltt wird ea dch non dannn 
handdn, jeno Anwendungen ana den gemcannen Energloverteilnngan in be- 
tprochan, die snammongafaOt tie die Probtane dm Salarkanitante boaddmot 
warden kflnncn. 


d) Oeflamtstrahlung, Solarkonitante, 

IB. ACgeodnee. Die Enggle v a r t all mig lm Sameoapektmm anfierhalb 
uneerer AtmoephAro dfant, wie oben erwthnt, In Vmtdndnng mit pyrhdknnetri’ 
echm Memungen anch aur Beatimmnng dm wahren Gemmtetrahlimg. Die wahre 
Sonnenatnhlung auflorhalb der AtmaaphAre wire ana Beobachtnngon dor Ge- 
aamtetrahhing aJWn nor daira xu onnittein, warn — dn unmflgUchoa Pwrtulat — 
die Uemnngon eolbat auBcrhalb der Atrooephlre erfolgten. So mufl man won%- 
■tons trachteo. den ritirenden EinfluB dm Brd ai moephflro aowdt ale nriglicfa 
anmnachattan. Wie erwflhnt (Ziff. 12), fat dieaer Kinflnfl, d em on Bmfiokdchtiguzv 
erfendorikh fat, dn swdfacner: Dai Sommnpektnwn rdcht, wie man acboo 
ane der lege doe Bnerginmniirmnna rntnohmen kanc, fiber daa mefibare GeUet 
anf beiden Sdtan awefialloe vfal waiter himu*. Dimer Verimt aowohl lm knn- 
ah fangwoUigcc Goblet bewirkt, daB tnfblge der Absorption in. der Atmoaphlre 
diem Tsfle der GeeamtsfiFahlung dlo Erde nfcht mdir omririien. Die awoUe 
Stoning, die sadem In gowiaeen Spoktralbeerdcben noch dnrch boaoadexe Warner 
dampf- nod KohkmaAnre-Abeorptionen voracfctrft wild, Infiort dch In edner ifl-. 
gerndnen echwtcheren Geaamtstnhlnng lm beobaebteten Goble to. 

Ee 1st deamach War, daB nine Hemongen dm Gmuntstrahlnng, die dm 
Vorinet mit regfatriertn, vom aatrononifachen Standponkt ana nicht Intoreeaierai, 
An and ffir dch rind *le wartvoll, da ale eine Refbe von metnorobgiadum Pro- 
bkmen erfamen. In nenea fa w Zeit habon diem Memnngen ffeilich huofarn 
aatzrqoiclache Bed en tu n g erhalten, ala lie in Amerika afa Full Hu mmnflnn (a. 
Ziff. 24) xor Prfifnng der Sdrwanknngen der extratecreatrfaaben Sonnenetrehlmig 
v er w m det warden. 

10. Hilfamfttal nr Meaning der G—artatrahhing Mafldnhdt. - In 
Kflree aeien in dieaecn Z n amnwilyTy i der. VolhtiDdig kBit die wicb- 









ZUL 10. 


HUhniltial nr Mini if dor fTiumlifiihTiing Mafidnhdfc 
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tlgsten Instruments snr Gqmniat nihhTTigmrwuD g angeffihrt. Viol verbrdtot 1st 
das HicHKLaoinchfl bimctalhacho Aktinaznetar, daraen Mneongseagebniase fiber 
inrnmr «nf ytn stapdanMn s t nim e iit redndarfr warden mfiaon. £in aoJchcs Stu- 
dftRUnstmniflnt 1st s. B. do gomprmsstlaigpyriiftHfmirrfy von E. AitgctbAm. 
Du Idoal dual Pyihellmnebs* wire natflrikh dn abeohit achwarur K&rpar, 
dar die anpfangaie Gcaam tstrohlnrig voQknmmen ahaorbiert. In Amerika warden 
dio Ma u ngen nrit dam sag. Sih^Diac-Pyihclkimcter anagefflhrt, dm ebcnso 
wlo das Instrument von Hicsklsoit, an dnem Standardtyp immcr gedcht warden 
nrafi. All Wn rmaHrMdm nwit dsfflr dient das AsBcmche Watar-Flcrw-Pyrhatlo- 
xnetar, dss aadenmlta wieder dorch dasaog. WabaBdr-PyrhoHoinotar kzmtzolHert 
wird, Neban dsn schcm erwthnten Balanaeteni, die gcgenwflrtig in dar vor- 
b ess artm Farm dor log. Vakrrambalninater Verwandnng flndcn, warden mhHofl- 
Hch bd dar neaan Kathode snr TWrimmnng rW Gasomtstrahlung andi Pyraoo 
meter, Inatnunonta snr Homing do HlmTnriihrJHgkrif, in den Dlonst dinar 
Anfgabe gesteDt. 

XHo Meanngsergehniae warden in Graminhikrtm angageben; os wird dls 
JCnergle dor ftuttnuf^j-nahhing in Gnmmkaladan f aitgoate &t, die bal mittlerar 
Entfamung dar vuu dar ftwi* Hum cm * tW nr Einatraliliingsrlciitnng senk- 
Tochtan F llcbn in ainer Ifln pto m s t r flnit (gcal cm - * min*' *). Die Besiehang diaso 
IfaBrfnbelt nun abaolnbon S ystem 1st folgende: 

1 gcal an' 1 min _1 — O.Ol667gcalcnr , aBC~ 1 — 6,977 ■ 10* e^ cm -1 sec" 1 . 


Ala Solarkonatanto bosakhnet man jonen Betrag dar S o nn e n e ne rg i c in dleso 
UaBeinholt, wia or dch nkht an dar Eidoberfltcfae, aandarn anfiarbalb dor Erd- 
atmosphflro orgeben wftrda. Znr Ermitthmg dor Scdarkzmstanta sind sto dnrah- 
TOg dlo erbaftenen Hemngacrgahnlao anf don ~Rtttti anBobalb dor Atmo- 
iphAra in extrapoUoon. 

Da die Abaorptianswlrkung dor Erdaimosphtre nm ao grtfior 1st, Je rnnhr 
Sehlcbtan die Strahkn Ids nun MeSappsrat dnrchlanfen. xnftmen, so warden die 


IUmDo 17 . Abhlngigkalt dar Xnergla 
SonaanatrahliBg to a dar SaahOha. 


dar 








SdQjon. 

Agtm (T^n). 

5m 
555 h 

Ml 

1.4J 

Dooa. 

1600 „ 

1.59 

Mount WDm .... 

1740 f. 

1A4 

Jung&unjooh. 

Mcamt Whitney . . . 

3460 u 
+400 „ 

1A3 

1.73 

FnsfbaQoo ...... 

7500 .. 

1.76 

PMbaHon.. 

22000 u 
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Ergobnlae dor lyibaUamoter- 
hosHnmmngan dne Abhlngig* 
knit von dar Seebflha adgm, 
indemStnno,dafimitwadMBn- 
dorEAebimgflbtrderoUoars- 
ntvean (tto gownmuDon Wcrta 
oinfi Annflhenmg on dar Wert 
derSolarkonstantosdgan rafla- 
n, Kino Zaeammawteftmig 
solcherBaobaditijngaaveRnag 
ms alan atnen Begriff van 
dor GrAficnardmmg dor SoJsr- 
konsfantB sa geben nnd gestattet saglekh die Festiegung dor unban Grama 
fhns Betrsgos. 

Km artemt damns, dafi die un t a re Grange des Wertes dor Sols rimn s fa nte 
1,90 botrlgt, nod dafl ibr wahm Betrag wobl kanm fiber 2 gcal Wnsm gehen 

tllWbL _ __ 

pugg Ennittlnng fcawn aber zmr als dn tJ bafachl ag gewnrtot woden^wril 
fftraxakteBestimnningan dm derartiga Bxtra p o kt l nn ana Moeamigen in vaadrifr 
Afmm S eehfihan nldit snUmlg lit Bios iplche Ext ra po le tim wire nor dam 
Mtattot, wenn die varsddedaaan Bchkhtm dor Atmaepbire gldcbe P orch- 
baaitaim wfirden. Eb adgt aich, daB man an efnem nzvedftadgra 
Krgdxds gokngt, wenn man Strahlnngamaan ng a n an dn nnd dem sd hm Boob* 











JEsp. I. W. S. 


: Strablnag- nnd Tarapontfnr dor Soane. Z1£L 17. 


Kchtangaorts bed ven c M odenem Soonamtand vomiinrat and oaf dieao Wako dan 
En maiawrl anfierhalb dor Atmosphflro extrapoliart. 

17. T iTfttm—an und faminNoflitogflilut. Stcflt man Strahhmgs- 
meflsoiigen an ainon Orta in raachiedonen Zdtan an, so erglbt rich eino Var- 
todaHchkdt der semcaaonen Strahhmg mlt der jnnfllgon SonnenhAho, bedingt 
darch den abacrnerendan Efnflnfl der ErdatraoapUba. Disaer Zummmaahing 
lit In Abb. 9 dugeatelll, nacfa. M cno nge n van GAtx 1 In Aram. Dio Gesami- 
■trnhhmg, wie ido bd ZenitateUnng der Sonne dch orgeben wflrdo, lOflt rich un 
dleeen M cf c mg c n, dio hel Sormenhdhen von 4* Ua 65° angcstoUt warden rind, 


_ dnrch Extra poll Hm ana disaer Knrw 

m _ gfjt __ iricht armittelxL Doch hat dioaar Wart 

_. ^ _der Sannenatrahltmg nnr <rfn motaoro- 

_ / _loglachealnteresac. Ura dio Strahhmp- 

" _ j _Tra*to ana solchen Boobachtungofi *nr 

_ / Beatlmminig dor Srinkonatanta in var- 

« r 7^5 frfZ — wanden, 1st eino Extrapolation nlchtbb 

| 99 j ~ ~ ram Zenit, aandernhiiaaQertiilbiinisrar 

. m —-A tmog p hlre vorannahmen.ZiimZwocto 

I * —fy -dfcaor Extrapolation ocmlttrit man die 

1 * ~tr~ -— hri va rarftWfan m Sop MDhflhan vwn dor 

h A - - - - "-■— — g tnihlfflng diifriilanfiwyn Lcf tnil—D. 

m -^-Alla Abb. 9 erkannt man abar anch, daB 

9$ - -y*- -dtrStrahlnzigiviainrikderAtziXMphlxB 

m —-iflr vavdriodana WoDonberskho ver- 

a« -yl-adiioden kt. Dargcntoflt kt der Variant 

1 ■ .—,.——..—,.—- J der Strahhmg lm Gobiete X > 6000 nnd 

■-A < 6000. Mon debt, daB bd graBon 

Abb. 9. Etwentmakang swbohen Samna- Ze n l t ril l tampn der Sonne der Hanptan- 
■brnhkaf ml 8aan<mliflba. Ah Bthplri dud toil der G wmta t ra hhnig von der lang- 
dki Jnatwartovcn Atom gowahit. Dfeinbm- wefflgnnbflatritttHi wlrd, dio kurawoltige 

•*>*** *&***** 11 * 0 *** ww. 

Mhxmt* «xk 1 Qaadntwaitfaaot*- (nick got*). Ahflr W Zenltdiatanaen 

let dor Botrag der JangwelHgoi Strahlnng noch Immer % dor Goaamtatrahhing. 

Zur Extrapolation der Strahhmgiwvto aul die Eragio uBcrhalb dsr 
Atmoaphlra warden, wie erwflhnt, (he Luftmajaen in Ahhftngjgknlt von dor 
Zanttdist&ns afngriflhrt Die Wegiflngo der Strahhmg, E (i), lit dlo In dor 
Zexdtdbtanx a von der S onn ora t rahlung durebdrangene LoTtmame, wenn aliEin- 
halt jam Lnftmeie dgfinhrt fat, diobriaenltalerEWrmhhingvoadarGnnMdar 
Atmo^phflro bdi sar Boohachlnng»<ella dnrcblanfen wlrd. Die Antgabo berieht 
also in der Extrapolation der Strahlunean anf ^(0). Die Berishtmgen iwimben 
i tmd F £■) rind von A, Bxmpobas 1 hi Tabellen fUr Hflhenitnfao nriachen Q nnd 
5000 m Seehfiha verdfiontHcht worden. G. Zzplxk 1 * hat fflr Babdahorg (S3m) 
Werta ger cchn gt, dkk in TabeTIe ifi anungswriae eradidnen. 

Eino Dantrihmg der Strah lu ng ra cBiungcn In flmar Beriehnng nr dnreb- 
lanfenen Loftmaase lit nach GOt* 4 In Abb. 10 wiadetgegwhen. Man rieht tmter 
■nderom, urn wieriel im kamnUgen GeUete die VecAimenuff der Strahlnngs- 
opergie mlt der Luftmasen st&rkar kt ala lm ladgweffigen, abar inch im Var- 
gioid» sur G emnta tra hhny . 

1 pse ObmhhoifAUam van Atom, Beilin. Springer (1935). 

■ Mm Font Aee K1 Bom (1905V 

1 Verttf B^tn.BdMrtwrg, IH, H ttt a (1031). 

4 F. W. P. OOt*. L o. (1B30V 


inch im Ver- 


t.aJAt'i.4 Ai 






Ziff, 17. 


Tnfhni—i tmd 


TU»Qd 18. Tifol for Batmhme der von dir Stnhlnng darahlmfinm Lift- 
bai fogebonor ZmltdlitB.ni *, binohnat von Zznj» Hr Bibili- 
birg (83 m). 



SO 11*338 |A3"*0| 3.173 |67V>J 3.S31 |H*0| 1018 |75**o| 3.77* |»\6| 1067|83*.o| 7,686 

Gollngt ai nun vdtor* don ttixnmialaiikDefSilanten p, d. L don Vadart, 
den dlo Strahlnng In dor Loftmajn 1 erieddet* dnignteOt clinch du VariiAltnb 
dsr nach Dnrchlaifmi dlcoer Loftmane 
uutretfioden Stnhlen so. den dntreten- 
den Stnhlen* xn bovtlnnDon, ao win! os 
mflrifch aelii* ctieEmagie darStnhhmg 
infloriiilb der AtmaephAre teteoitoDoD. 

Anf dlo spedeilsn Problems der 

Ttvflnlffl miiffr^rff -tn kl»n In dfa p ni| i Zu- 

unmenhango nicht abgqguigen war- 
den. Hlar nation nor dnige wnt » 
llche Ergobntoe fiber die B aUrnmnn g 
der TrinemfwlnnilrnffffWw^ mit- 
goteflt warden. 

Ntoh Untenaehnngen imvkooflen 
Goblets hit Wnjinia 1 efawi Wert 
f 0^10 eindten, Als DnrAichnltti- 


000 Q flmnifrtvhlTmfl kann mnn tinnh 

MOllkh" 0*855 innehmaa. TU—n 
Werte entiprkht alio ein Yerinit in 

Strihlung (lurch (tie Ahnarphftre Abb. IQ. TUQnnkto (tar Gwunlmm- 
von 16*5% On Grfl OenHM —1 elne mhlni in Ah h in glgb d t van <tar Lnft- 
SdnHUJnmg der mn saama to An* (m got x. Dm Btnhinp 

mnd 0**3). “*“* Anm >- 

Pie Ber VH i diti gqng del Strah hragiv erlnitei In dg Atranphl ro tat dadnrch 
wtBdi hompHriert, dafi* vie inch mi Abb. 9 and 10 bayuigeht, dne Ab- 
hing H gtoH vqd der WeDenUnse bsrteht. and mr In dem Shine, difl dur ib- 
nehmcndm WeBeplinge cfn fceluawBidan van p arfipricht. 

1 FotsdPihl IS* Mr. 80 (1934). 1 BotadFnbl 8. Hr. *7 (1091). „ r, ' 
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Sep. 1 . Vf. B. Buxcmai: Strahhing and Ttanpsntnr (ter Sonns. ZUt 17 , 


Don Betrag der aelektivm Absorption 1m yisoeOan SpoktrslgoHet bat soont 
G. ICIhXKR 1 befldxnmt Der Variant swiseban X 4400 and X 6800 nach dor flntoa 
Beobadrtimgsrcibe UOlibbs 1st aai Tabdle 19 sa eranhwi. 

Tnbsflo 19. AbhLnfigknlt dot Trias mUslonsJiottHi lies tea ron dor Wollonliujo 
Lm rimmlUs Gobloto (naah MfllUB). 


S*001 54001 56001 JBOO 6000 6300 6400 6600 6ftn 
706|0.r40|0,764ja7«l|o.7951 O.SdsJ 08191 aa3o|o^40|03JO O^fii 0871 0881 

Bai dor Voroahmo der Strthhmgwnwiiiigop. 1st os widitig, anf dkso salck- 
tivc Absorptian RQclaicht sa nohraen, habesondaro warn rile vnrvrendotaa Io- 
atrumanto nur dn bes tlmm tos WeDsigobtot erfsswn. Fftr photugraphisebo 


tfP«r 


i 




mmmmKMmmmmmmi 


itrnmanto nur dn bes tlmm tos WeUffigobiet erfusesL Fllr photugrsphischo 

Haflnngon haban donLkditvar- 
lnstindarAtxDasphflraC.WiKn^ 
and E. vok Oppoixkr 1 bo- 
■tfanmt Sposiolle Unicrsochim- 
gen dnd angoatollt warden sar 
Bastimmang dor ThuumlBBlom- 
kootman tm bd dm St nhlnnp . 
masmngon mlt vorschlodonon 
Photoadlon (bedapdebweiao fftr 
die In Zl£f. 6 besprodunum 
Untenudmngan). Empirbcbo 
Warto haban P. Guthmek 4 and 
BL F. BortuvoEB 1 gogobon, 
tboorotbcho, mlt diction got 
flbereliistinnDend, Wmarna 1 . 
Ubor den Vediaf das Timns- 
. Tnhrinmlmnfflakmtmi lmGeUoto 
^ "l*-*-' ^ T ?'T? hriMh - n y^D - von i 4400 Ufl i 7600 vonm* 

N “ Abb. Anftchtafl «a gnbon. 

IhflirJndMamgBnsa ylarypr- 
s ehtoda n an Orton anlganommen, and swarWsalilngtoa nach Abbot and Fowlk t , 
dtoswdto Soda von HOlle*" in Potsdam, Orotnva anf Tenerlffa nach G. MOllkr 
and E. Kaos* and Upala nach F. Ldvdoolk 30 . Alio rlnr Knrvcn sdgen In lhrom 
Vodaufa etna ichr bofriedlgaodo Obenlnstfazummg, ein Unwtand, der bd dim 
w m S Rhln c knwi BcQhachtPDgsniflthoden (Washington and Upsala. spoktrobolo- 
motrbdb, Potsdam and Orotava spoktralphotometrisch) bm noriecn awort 1st* 

WiLSDfo 11 bat die 1914 in Potsdam nach photogcapbiscbm Momu ngon bo* 
ro dinc tm TVi iMu i i lm Vank c srffls l pT tton mlt dem Gcaamtcrgnbnia yon Tenorifla 
hn Spoktmlhosfrh zviachan X J800 and 1 6800 vergUdmc; dlmo Brgaholme Bind 

1 AH 1(0. a 841 (1883] and FotsdPabl 22 , Nr. 64 (1913]. 

1 AN 154, & 318 (1901). 


■ AN 154, S. 318 (1901). 

■ Wtum Badch tn 107 . 8. 1477, 

4 -Bari. BndoUfl ZVn (19371 

s VnrftfE in p. Oor mca, attnaplar ] 
* PoOri Pabl 84, lb. 76 (1930). 
f toittoon Ann II, & 110 (1908). 

■ Tatmi Pnbl 33. Nr. 64 (1913). 

•U (1913). 

“ Wor« Ante Ujml (4) 3, Hr. 6 (1913). 
n Fotsd Pnbl 22, Nr. 66 (1913). 


Petafl Abd 1937. B. 11a. 
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in Abb. 12 daxgostallt. Bd often In Abb. 11 nnd 12 wiedergegebenen M an st ing i- 
rofhen trltt dentUch Anomalie aof, die dcfr in einer TOnawnkni^y dor Knrwn 
swiscben 2 5300 nnd 2 5900 ftnfiert. Dime Tktanche, die wohl snm anion Hole 
von Sen 0 item 1 in amerikuilacben Mesongen airigedanht wnrde, lot dnnh die 
bendta in Ziff. 1J owflhnten Oaanabaorptiaun hietvaryara f m. Din fftr die Ans- 
mu i ung dor StrnhlnngBmeMaDgen mr Krmittltmg der Soli rhonitaii te »Tir wnfftt- 
lichen Weaaerdampfkorrektiooen (vfcL Ziff. 12) bat in anegadehntor Wriae 
Fowls* nntenneht. 



Betrachtet man non den Yerienf der TtanBnimVTiiefcnnfnriimtiii im knn- 
welllgBO GeMetaimtig 24000, madgon rich imw«BntHdiendirir.hiuahtariatiachB 
Encbflfarangnn: 1. Die Abnahme d* DnrehUiaigkrit der Atmcsphlra ndt eb- 
nahmender WdknUngo geht vW rmsclur var rich sis im liiJilhicm GeMate. 
2. Die Darchlflmlgkelt Indert rich im kmzwelligm Gebiete viel lebhafter von 
Tng n Tsg ota im langweiUgen, rin Umstand, snf den in Ziff. 25 nodi xorftckf- 
wlmmnwn adn wild. 3. Dio Dorchlflarigkeit der Atmoaphlra im Gefalet der 
altxaviolothm Str&hltmg wftchst bedentend rasher ndt der Seehflhe als fftr das 
dchtbuo Gefaiet InTtabeQeXiitdieBeilrimngswiadien^nDdlimkiirxwelligw 
Berricho nmch von K. Iftw in Potadam* mid H. Duanes* snf dem 

3280 m hohan Pic von Temriffn gegeben, Man arfaamt such dentUch dai Ein- 
ff t wp der beoanden krlftigon. Abnahme dor DnzchlAarighrit on ter 2 3300 tnfn l ge 
der bier beglnneoden Abavptkm dnrdi die Oambanden, ein Umstand, der 
berrita in Ziff. 13 nwflhnt wnrde. Es ari an dieaer Stella noch daranf htn- 

1 * I 'm^nt nf tt* Trt TT -1 — J — r> —t 0-1 —~ p — TTT o 53 ( 1911 ). 

■ u. a. Rmith—i Ana IV ( 1932 ). » AandPhji (4) 45, A 377 (191*). 

4 AxmdPhya (4) 1ft & 599 (Wri- 


* 1 


















w«p i. w. K. BzjOTXDrzx: Btnhlnog uwl Tompamtnr tier Botmcu ZUL 17. 

gswleflaii defl nurh flberrin aLUun iBnden Untertochnngon die Ogoniixmption Id 
■ pJnr groflea Hflhcn, etws. 40 km fiber der Brdoberfliche, vor rich goht. 



Betmchtnt man min die Beatimmungea der T ^nmfat iinnilrpiTffi«li^tnn im 
Tjnyf flliwy hlnt, Bolflfifc rich dor Vorinuf am beaten mg dan Znhlai In TabcUo 21 


TibeBe 21. BaiUhingan ewleohen WollenUnge and TrinimUalonakoaffl- 
xloaten im Box aloha von 1 4510 bia 1 21260, ntoh MoMangen von Whjwo and 

Amn>FBwu, 


m\. ■ 


*-• 


** 

7-4 

mam 

a 

S 

4 

n 

6 

7 

8 


9410 

9,806 

-0404 

6600 

9,916 

9,912 

_ 0404 

4720 

9,833 

9,826 

- 0407 

7000 

9.919 

9,923 

+■0404 

4BD0 

9,836 

9432 

— 0404 

7830 

9,942 

9,936 

-0406 

4880 

9.845 

9438 

- 0407 

8400 

9,948 

9.942 

-0406 

4 m 

9.831 

9446 

-0405 

10260 

9,968 

9.955 

-0413 

3370 

9.869 

9462 

- 0407 

12340 

9,971 

9,961 

-0410 

5560 

9.876 

9467 

fflaivi', 1 ! 

15360 

9.979 

9,966 

-0413 

5770 

9.873 

9472 


16790 

9,980 


-0410 





21280 

9.983 

9,935 

-0428 


vcrfolgoo. in der die vrai J. Whjhhg 1 1914 In Pbtfdam wqnfOhrtpn Mj—nagon mlt 
dm ErgahiriTm von W—hfagton 1 ana dom Zdtranmyon 49P3 bin 1907 vorjdkhcii 
■bid. Daigstsllt lot die Berinhung zwkchen X nnd log ft, 3d don Wdlmkjigon 
l 5770 nnd 1 7000 rind Stdmngen darch beaoadera Ahurptkman sa arkocmcm, 
Bri der sar Bestlmmimg der Solarkonrinnta nfitigon Extrapolation wird on 
rich algo dmnn banddn, Rflckricht anf alia Stflrnngen zn nehman nnd din Er- 
mttthmg der T nmtnd a glo n ako o f n rien tg p ffir mflglicbit viola WeUonlflngDn dnreh- 
mffihren. Andonxerita erlcsmt man (a Ziff. 4 5). dafl dk inch Extrapolation dor 
Strahkmg grn ai wi i i g anf dan Ranm auflerluilb mtaerer Atmoaphflro gnwormenao 
Brg ab t rig a a nor dann mlt der von der Sonne kommandon Geeamtstrahhmg 
lAmri oA grin kOnpen , muui dor dnrrh dlo Hemangen crfafito Spaktralbendch 
titaflchHrh dlo geaamta Sonnenatmhhwg daratellal.wfirdo. Wk rich abac am 
iHm erwthnten Untorendningen crgfbt, 1st dkg nlcht dor Pall, da dnendta dlo 
Sonnengtiahhmg enter 12900 infolga der Oioaabaarptian dlo Erie nlcht arrakht 
nnd enderarita die Strahlang fiber 125000 drndi Binder doe Waaardampfsnnd 
dor Kohleminie laat vnUatftndlg abeorbfert wird. 


1 MsdFuhl 23, Nr. 72 (1919). 
a flatth— Am HE, 8.135 (1916). 
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An das Endergebnia der Strahhmgsmmnng 1st alas trine Kcrroktion anan- 
brlngen, die Bg Be U diti gim g <w tn iwiA^ j^ p fiifH'ai inuirlrtn night boob- 
achteten S min emtiahhmg daratellt. Dafi dieae Bertckrichtignng such btri 
grABto- Vorvkht steta eboan gewimen hypothetiachaa Chazvkter haben mnfl, 
1st mlt ein Grand fflr die Schwlerlgbriten bdm Problem der SoZarkonatanto und 
ihrtr evtmtodlen Schvwntnngtin. 

18. Der absohita Wert dec Sblarironatante. Ana detain Ziff. 16 beeprochenoi 
Mwmng an der Gesamtstrahlnng In veradxledsDen Seehflhm k o nn t en . wir berefta 
fiberscfalegswcriae fertstaHan, dafi der ahnlote Bering der Solariransfamte 
2 goal an - *min -1 niebt fibentelgen dflrfte and die untere Groan 1,90 botrtgt. 
Die Alteran Tiff nngrin. die aft rocht bede n tiBDde Werte anldttBO, frpfrwi hente 
wobl nor mehr Mstarlacbe Bedentnng. Enrfhnenawert 1st, dafi berdts i860 
G. Habx* 1 * * 4 rinen Wert von 1,9 ertiielt, der In bemerfamawerter Ubenrinallimnung 
tnlt dwi modgmen ST g e hrieon >t*ht. Dlese warden elngeleltet dnrch die tJnfar- 
sodraagen von T. Scanm 1 anf dam Gtmergrat Freilkh 1st adneEritrapola ti o o 
nnr Tm gwflfhr rfchtig. Hr wbeserte nlmlich atrine Ergeboine der 
nm 9,5%, indem or 1% der KobltinAnre-Absorption, 7% dar deaWaasdempte 
xoadtrleb *rnd den St raUiiM pwrim t fan Uttxuvinlettai anf 1,5% vnnadiligt 
Damgagenfiber eel erwfthnt, dafi. K. AHoenflM* die Absorption dar Geeaznt- 
atrahhmg dnrefa Waaerdampf fan Getriete von 2)000 Us 240000 an 15 baw. 
27% angegoben hatte. C. FnY*bmnmt an efaem ggingroi Werte ah Sa ang 
rW ■Ifh mtt U wi 11 in wi i • mn lfn.rnrrTArr ntif dam lfnat t Blanc end VOO TtHPUM TOf 
fan Hieereanlvean(U.S.A.) an 1,65 ogflrt. In efner Polemflc gegen ScHltiriia gibt 
T. T. BucHAirAJr 1 ala Wart der So hrko n a tante 1,8 an. da nachsehur Anita a n n g 
der 0,660 Qberstedge. Dka 1st nach den Ergutaiianii ana 

Ziff. 17 hente nkbt mehr beltbar. 

Knt mlt der EinfBhrang der tpektrobalometriaoben Memngmethode 
dnrefa S. P. Labqlst* lit trine weaentHche Ffltdgrimg dee Problema erMgt Seine 
Beobacfattmgen anf dam Mount Whitney oqpbexi X 2 (dnrch trine irr tflmU c h e 
Annabme nent ala ),0 pahUalert). Dieaer Wert rednaiert rich In dam m o d enao 
System* anf 1,9 % in voDkommener Obenrinatfanmang mlt den Bige hnlu n der 
^ Ti wfVfTibiphfn Beobachtangen der Tefatw 1 swtri Jabraefante. 

Messnngen, die C. Dome* In Davoa mlt Mjcekuok- nod AlGBTBflmdxn 
pyijMttOfMtam ^w y|Kiii|iiw> hat, ergoben, nach Kerinkfion anf die Energto 
nflahalb der Atmos^diAie (nnter dar emplriachen Bednktkms- 

iormel von Fowls), 1,927. Hinen danrit faat idenilachai Wert, nlmlidi 1,92), 
ertddt J. Wnanra* ana Potadamer Kenongtn. Die ZavmUmlgtojt d ie ae r swel 
TArinwn Boobechttmgsrofben wild beridtigt dnrch daa ornfanendo Material, daa 
Abbot flaw Mltarbritar In Fortfflhmng dor LAxumcbsi Unlerstiditiii gtai 
in Amsrika. ohalten haben, Dieae Beathmnnngen der SoUtThanatante warden 
mqyfti ^ kh In Wurirington, anf d«nm Mcmnt WQaan 'vucgenomnien. 1918 
lrntn qi sar Errlchtang dar BebbaxriitixiigBtBtlon in Calanie (Chile), die 1920 anf 
den 2700 mhdhan Berg Mbntpmmvsdegtwnrde. Im etriben Jahro iat in Harqna 
H* 1 ? (Arlatma) trine neoe BeobaAfamgaatitte gemnmen werdan, nrit der Anf- 
gnh* ) die Meaanngen gMduritig mlt VfmjMumT. vursimehmen (a, Zifi. 2)). Znr 

i tTbs dto Wlrm* tfar BnenwAaTthn, Brfn (1B64). 

■ PotadPabl IS, Nr. 35 (1908). _ 

‘ AandPhys (3) fi7. 8.03 (1899) dud Ap J P, R 332 (1899). 

4 MN 69 b R All (1909) nod 148. & 1150 (1909). _ 

» Mat 64. R 456 (1901)* 1 OmfttraAim U, R 119 (1908). 

* Ap J 37, R 134 (IJHfl. . ^ 

* VoOft «L PraaR Mbt Init VI. Nr. 303 (1913). 

* FoU PaU 15 . Nr. 80 (1934). 
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Kip. i. W. E. Bsmuncu: Sinking iud Tampentor dor Banna. lift, 10. 


Ezreldnmg nach beaerer Beobnchtungabedlngiingan faun cs 1925 car Vcrlegnng 
der Harqna Hafa-Statian aul den 2250m hah an Table Mountain (Kallfornlim). Dio 
nmeate Station sor Meeaimg dor Solar Iccnat&nte anf dem 1580 m bohcn Mount 
Brnkkaraa (Stidwnat-Afrika), in fUbemgond gtlmtlgcr Logo, hat mlt dcm Boghm 
da Jabrea 1927 ihn Beobacfatungen aufgcnommgi. 

Ana dem. Bcobachtnngmdtraum 1902 bU 1912 roaoltlert dn Wort von 
1.953 gml cm" 1 rain -1 , Ana 1244 BcobachtnngBtHgendeaZdtrauinaB 1912 Ub 1920 
ergibt rich 5 — 1,946*. 

Die Ergobniao der nonen St a datum in Chile nnd Arixona Began Ua inld. 1924 
vac. Da* Mittal ana den 50 Monatawerten. der ShmdtanmaaanngBn anf don Motto- 
strata nnd in Harqna Hal a von Oktober 1920 tala November 1924 ergibt rich 1 xu 
5 — 1,9306. Wlr wollen ala Geaamtorgebnia ana dom Boobacta- 
tungamaterlale der Jahre 1902 bla 1924 nnnmetar ala Wort dor 
Solarkonatante featlogon: 5 ■« 1.937. Dandt acbetnen anch die jftngsten 
TorifaflgBn MuMmiignagphnlean 1m Ehiklang in itehen, am donen bmrargbht 1 , 
data dm Snlarkwwfainte fftr den Zeitranm 190$ tala 1926 tad einer Unidcberbdt 
von otva 1% dn Wort von. 1,94 ankomrat 

19. Die Zuverliaalgkdt da Abeol ntw o rte a dor Solarkonatante. Dio gnto 
Inn ora Obeordnatiiniinmg dec in dm vorangehenden ZUfer mltgetcdlicn Ezgobcdao 
apricht dafftr, data berdis dne hohe Genonlgkdt im Abaohrtwmto dm Solar- 
kanatanto arolcht 1st. Von mehrfncben Bedenkos, die im T-ntifn dm Zdt gogoo 
diene Ergcbdiae anfgetroten aind, rind wahl mtr anlrfm erwfltanmawart, die odi 
anf die nn Scblnfl der Ziff. 17 angeftibrten Schwierlgkdten baalnhen, nflmtach 
anf die Bmtkkakhtignng der Ira ftnfiervten knra- trad langweZUgen Goblet nictat 
regi a tiia b anai Strablnng. 

ImZnflammcnhang mit dicam Frage ad in Kflne daa Weacn dee Booboch tonga*' 
vargangee adbnt nritgetcttt. Die Bcohachtungen teflon rich in pyrbdldrnfitriads 
nod in bolometrlacfafl. Bride warden 6mal tflgHch bd Lnftmaaan P (*) iwiacheo 
l t > nnd 5/) vorgeoammen. Neben der Unteranchung der xriattam Veriusto in 
veraefaiedonen WeUeolftngm dutch daa opdacho System orfolgcn Basttanraungen 
dm Tt fm a rnintinn a knwffi ngntcn ana dor Kn^ bAn nw i fftr otwn 40 Spektanl- 
beairke. Ba iat dann die Interadtftt an der ExdobmflAcbo 

Ea bedentnt /« die ana dem Balagmmm ge w a m eno Flicho, K r die Karrcktlnc fftr 
den nle h t rc g htri mtep infrarotm und ultravkdettenTeD, K, die Karraktioo Infolge 
dm aixnoBpfaflTlBcben Ab aarpti onen; das aind dk Einamkimgan gegenflbm dor 
fatten Starve dm Bologranuna, die in Ziff. 12 an Hand dm Abb, 7a trad 7b erwflhnt 
warden. Mlt dleam Korroktur K, bat alch, wie achcn angedentot, F. E, Fowls 4 
baechlftigt. WaaentHch let vor aIVsm die Absorption bd got. Ihre KarrekHon 
q/q— wird rinfach ala daa Vabftltnia der Ordinnten flmjr tfafawn Kinaenknng 
trad hfeheten Erbebong im Bologronnn angegeben. Nachdem, wle oben snrfthnt, 
fftr auagewflhtte WeUenlAngen die T rangfrrf^nr^rnirf fl dHnt wn beatiram t warden, 
jsfolgt die 'KifiTBjnhtinw a dm Bniiyrnmni dm v e ncfaj edcDfln Lnftnum 
anf die anflcrbalb dm Atmoaphftre bemchende Intenritflt J r Ea iat dann 

wobei Kf Wiedm die Eorrekdonen fftr den nltravioieUen nnd nlt xanrta n Toll 
entbfllt, Iat riJMHdi P daaEzgebnla der pyitadlpmetrladnUi Geaamtatrablunga- 

* Brnkham Am I? (t9aa> . . 

1 C. G. Anoi, tattfaeon Hkoifau fj. Nr. 3 {1$a3). . 

1 C.G. Ahsot, Gwlmdi Britain ,15, & 344 (192?> 

4 AjrJ M B. 392 (1913). rm& &aWtmm Ana m (IplJ).. . 



ZIff. 19. Pto Zrrodlwlgfcrit dw Ahao lutmf dor flnlarkratnnto. 55 

meaong, ^ die mamaptane SopnirndfaHna nod <5, die nrittlera Smmmdiatani, ao 
crglbt rich mmmefar fflr die itia 



Der Bctrag fflr K, im langwdHgen Goblets wnrde an 0,55 % dp Solarkon- 
itmnts onnittclt 1 . Ha wnrda vfafich bcmerkt, daB (timer Wert an niedrlg vnr- 
anarJihgt ari. Diea wnrda 1922 van Abbot mid Apdjuch 1 beitfltigt. Eine aocg- 
ffllrig w Beobachtnngprihe ndt rinam StehiaaI a|iri an i Br Spnhtip bQlaiiiBt p lm Ge- 
Hete von X 24000 bis 2109000 bd Lnftmuwn awiachan 2 nod 4,3 orgab dnen 
Being der T nf in nrt h*^ktiiwi von 2,0% der Sfilorfrrrrafttnfwj n daB die in dec 
Smlthacminn Annala, Bd. 4 Ha 1920 poHlaipten Werte urn M5% an pfcOhen 
wftren. 

Dor Betng fflr die Konektian im Uitraviolethm bat rich an l,58%sgeben l . 
Ancb diene Korrektian wnrde ala an goring beaeichnet, inabeaoodere rind 1914 
van Kuan 4 gewichtige Einwflndo erboben warden, die 1922 van Ch. Fahey 
tmd H. Brnsnoa 1 wiedrrholt warden. Dieae Einwflndo gipfdn im wnentUdm 
darin, daB die gefundenen TYinamhrionskorifflrirctBn im Uttravioletten ala an 
grofl erndttedt and, dnmnarii die Kocrektion im Ultraviolett sn kirin wird. 
Dlen Einwflndo alndwoblbereditigt; man oatelit ana den in 23ff. 17 besprochenen 
■orgfilHgon Ifaann g ip ge b ni pcn von E. Kamr and H. Promo (a. TkbeDe 20), in 
wrich atarkem MaRn die Abnahme der TranandadonakoefOaimten ndt der WeQen- 
lflngo bn flnfiervten Ultmviolett infoige der ffatetxfinden Osooahaorptlon w rich 
gebt. Die Barocfatigmig digag EfanrflDdewnrdaaach von Abbot "anpknimt. jedoch 
nfcht writer bd der Ennitthmg dp Snlarknnatagtaberflckaidirigt. Eratinjflngrizr 
Zdt anteraahm Abbot 7 rinn Neobeatinmnnig der Ultraviolatt-Karrakfian, die ndt 
graBpSargfritaMgriflhrtwurde. Hr gewfamt naoa Korrektioo a w BrtB nnter dp An- 
nabme, daB die XHtravkdett-Eiiagieknrve dp Eoergieknrve dnei adbwazaen 
Kfirpen folgt, and pbUt ala Endnanttat dne Ultmviolett-Korrektkm van 
3,44%, riao Tim 1,35% mehr. Die Habpigen wQrden rich 

infoige dp neoan Infrarot’- nod DHravinlett-Knrroktkmen ina ym t 
am 3,31 % ahflben. Kin Elnwend van C. Dowro 4 beaieht rich daranf, daB die 
Haberigon Werte der infoige ad ditl ven HizmneUlchtes an hoch 

rind, Nadi Untpaochnsgen an C. G. Abbot 7 wflrde dieae Krhflhnng an kkrvten 
Tagen anf den wTnwrfWnfarhwn Beobacfatnngariflttai nor 1,75% ™r Solar kno- 
stante anamachen. Die oben erwflbnte in twendige Erhfihnng dp abaohitm 
Solarfconatantenwerte am 3,31 % txflgt den Ebwflndm awri&Doa nun groBen 
Tefle Hodmnng, and i"*" *<■»»» * go gawiB den wabrai Werten wiedp am dn 
Stflck aflbp. 

Tm flbeigun acbdnt dieae Edifihang rirfi bd den Hrgnhnifm nkbt mn>- 
wirknn, da rie anageglichen wild dnrch e£m Kralodrigmjg, die rich pgfbt ana dnp 
Neabeatbamang 3p Konektlonafaktcwn aor Bodnhtiqn dp Bolograpbenwerte 
anf die Pyrbdkanetmkala. tJber dieae Frige wird wohl pat nach Enchdnen 
dp rt jf fbfyflflti c hgn Fnbtikarionan dn DbnbUck an b eknmnaa i dn. 

Tn—mrm iiifgmfind lKBt 4*^ mgen, daB wir immerbin bsate die vadlegenden 
Abadqtwpte dp SfjJwhnnat M iiii ■Tlwm Anacfcdn nach anf 1% ala zoveriflwig 
tnahhm fcflnnen, 

1 O m lU ann Ann IF (49aa). 1 BmWaon Mm Coll 74, Hr. 7 (1933). 

1 Bmia nen Ann III (4913). 

. 4 V J 8 4ft & 33 (4944) .and 

■ CH 47i & 156.(49331. 

» QwkndaBrittflfB 16, & 34 
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An d(4) 45, 8.377 (I9ifl. 

4 anlllnaAn IV ( 1933 ). 
f. ( 4927 ). 4 XmOif Wither Bit. Dm 1905 . 
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yf Kip. i. W. E. Banmu 

e) Sohwmnkungen dor SolarkouBtante. 

BO. Allganelnea. Wenn wt cm mm 3m fhlgwidsn mlt daFtego garb Sdiwan- 
fcniy n dgr ft i fiiwiM U r u htim j Tnwrhlf HgMl, BO ^» nn Qf VOm UbTHUIllltdKIQ 
Stsndponkte ini nor daram handrin. VerflndaangBn der Strohhmg sa nntcr- 
sachen, ctto Umn Unprong In dor Sonne hahrm. Ea handctt rich also In fe st er 
Tififa A nim ) ob In <”" Maher vodlogtndan aDoBtflronckn 

Einfltioe dor ErdatmoephftiD ratios anogcschaltot rind. Ineowdt cHos nkbt dir 
Fill 1st, biaten der sr tigo Schwankungan dor Snnnm iln lilnn g Aolafi in rio* 
ReAe interomiia n »*i—■‘ ningfariww Froblsmoi anf die J sdnrii in «h«m«w Hand- 
buefao naturgsali) nicht e lu g ugongeu warden hum. 

. Afagesohm van Urinaen Bnnbsrhtmigsrfifhai ins Potsdam, Davos, Hshran, 
Waisnhan, Ujpola, Pawlowsk ist fast das geaamto ve ri flgt nr e Material dan Ar- 
beiten dor Smithsonian Intitatkm so verdankm. Dmch dleso Onfiorm Um- 
stflnde oglbt a rich, dafi bri etner DmteUtmg da Problemm snf der dram Sritn 
due grofis Zahl van Anii— » snftxltt, dlo Elnwandnngen gagan dlo HeolltU von 
Schwtnknngim ofaeben, denen 1m woantlkban mir sin Vertddlgor daraelbea 
genaUntsht. Tkots diets Striilsgw soil 1m fdgandai vecsocbt wden, alnoa 
objaktfon Dberhllck fiber dm heath en Stand da ftoblaan sa goban. 

81. Langpsriodlache Bchwinkiiiigan* Jahres- und Manatamlttal. Dlo 
erriou Mltteftangan, die ebm Yerdacht dv Anderang der Sfmnff Lf nMnnj 
anopnehm, begrttndet aof grtflero Beobachfrongnrihffn, ■famtnwi wbhl au 
dam Jahrs 190J. L. GoaontBKi 1 steOt fttr Warschaner Bebbechtanflon «in» Ab- 
nahms dor Soman riTshhmg vom Mil 1908 Us Endo 1909 fat, inuberatnstlin- 
rnnng mlt den so Awfn Ch. Dufooh* In da Gch wa li y>h«innn igfc, 

Nach S, P. LantZBT* be tm g dlo Abnsbmo da Stnhhmg Ends MBx* 1903 soger 
10% da Tdahnrlgan WertSS. 

Vafolgt man mm die Werte da SobrkaoatantQ, die varerst von Laholiy, 
spttar von Asbot In Amolka-abaltsn warden, so olgt rich nraifeOas, dafi dlo 
Amplitude da langperiodkchai Sdnwnknngea 1m Liafe da John wcamiHch 
sarfickgsht ndt Auaobmo da Jihra 1912, wo sba dloa AnomaUe (lurch dm 
Aiubrnch da Hitwid b e din gt 1st. Glrichsdtlg lit a eben anch jn iimp n, wasent- 
Ucfae FortschrlUe In da Vafrinatmg dee Beobachtnngavgriahrone sa erriokn. 

Betrachtet man **—ftm i* die beobachtsten Sc faw nn i m n fl w n da Solar- 
kautante, so taafi nn l nrir.htart cD warden swlsafacn knga Pcrfcxla, die 

sk b also lm Gengo da Johns- and Monatsmlttel flnfiern, and tniehn} kan- 
pedodiachar Kotor, die Schwankangm da Meoangae^ebnlao bn Lanfs nffig w 
Tage anfwelan. Znr Benrtrilimg jBirildiei Sdbwsnhnngsd lit wobl du Bsob- 
achtnngBmatsrlal noch in apArhoh. Die rrofieHeanji^nlhe Van 1905 fall 1990 anf 
damMbnni Wltwnn l umto wnr^MiTHnd.aM’ Sniii n wr n inMfn ^nf g niiftmm nn ur dim. 

GsnslBhrlga Beobachtongen astern ant 1918 in igx In Horqoa Hala 

sin, dam p rov l sorkc h e jotst Us 1934 inM. ■" j1| iigf iii Dnmarbln 

wlrd bertgnidi da Jshraganga dlac Moanngen geg a w i rtlg riamUch aUgemaln 
•ngenommen: 1. Die Js hr es mlt tol da Beierim»irf«w*> aigm riiwn Gsng mlt dtr 

Snen^nfU/iV—iMnflgfciJf in deal 8bSB, Haft lift— ^Inla Aiim hii lwn iiri* |q 

Jahren gotrigerta SoaneifttlgUt beobachtet warden. Da Grad dleoa Be- 
slefanag xBr die Jahre 190S bb 1917 Uflt rich dnrdi fdlgenda KonelatloD dantsDan*! 

r- + ftfi27±0,134. 


1 CH ISA a 255 (19(H). 1 CH 136r S. ?1S (1903> 

4 A. AananOK. Gacgr. Aar, 1931. a. ifia. YgL asob 
BMahrtft (1931J. 


• Ap J 19. & S05 (IflO*). 
r. B. Hh—aaunO , SOUfri- 


Zip. 31. 
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2, Die Jahreemlttel dor Solartenatuxta lal g an lm Jahre 1922 gb p^n im w iiu m ub i t « m 
Abfall (inch ana dm IffwiafamlHaln in Abb. 45 ondchtHdi), dor nengewcamaDo 
Wert hlefbt each bfa 1924 eriudtgi. FQr die t dV**e AbfaHa apricht due 

nenere Untamdranj 1 C. G. AbBOTI) rfarnfr Jfl B riwii And wrong in rW T?whitfW 
akak nlcht rin g ct re im nr, 

Woa non din Mmatumittal der Solarkmatanto anbebugt, ao iat doa vwfflg- 
btre Material berdta w w a mtHdi grflBo-. Aoch heaflgWrh der Mnnatnntttel wird 
BhnUph nie bed H<w 
Jahreanritteln Tielfach 
engenommen, dafi aln 

^Bc gtfftoTnGang^nrft 

flgkeit tmd awar in glal- 
ctem Shma an venaidi- 
nmiat DimeBnatfiung 
acbelnt aber nocb nicbt 
gaalabmt an aeln, wie ana 
edpor Untenodmng tod 
W.£.BKEKHKDIZ 8*hflr- 
vngebtWahleqgibtalch *m 
fflr die Mount Wflaon- — 

Wirte die aw arte t e po- 
«m™ KareliUon, W 0toh<r «“ l 
dwtn Material der 

Statkmm abar wird ale taschwindeod klrin nod aedgt wie ana Ttbelle 22 hoTor* 
gaht, aom Tell aagar etna Andentaog edaea antgegengeoetotaD Zmannzubosgea. 
Writers* Material iat alao .nodi erisdodidu • 



da MwataulHeli der ______ _ 

Norastar 1934. ( Mttd — to ua Ucnts- 
bbm nod Hkiqne Helm}. 


TeboDe 32. ZnMaminhtai der Monetsmlttel der Bolerkonetnnte nit der 

Bonnenfleokeiihftii flgkeit. 



AaaM 
a» w**- 


rf— -— - ■ 


ninf iMiHiipa l 


1903 Mi 1930 . 

71 

Konst When 

t - + <*415 ± 0.066 

1918 Me 1930 . 

34 

Cehme 

1 -ftl52± 0.134 

Okfc 1930 Me Bept 1933. 

34 

Hexqne Hek | 

| +0b336±O,134 

19M. 

13 

tfieiiaama* 

| -0^09±0.I84 


Znr Fnga der ReaHtfti dleaar Monatamtttal let an hamartam. dofl rie daim 
ala g eg e bm arachrint, wann wir, wie bendta harvargehoben. Her Werte vnr una 
haben, die taiaftcbUdi ikn jmiwlHpn Being der Sonnenenargie danteUan, nri^rfn 
von TMrfle—m der SrdatzncaphAra vnTTVnrnmea befrrit Bind. 

Van mabnran Sdtrn rind diaabeaflgtidi Zwrifal gatnBart warden. 19i4 bet 
T. L, ScKKBflLKT ", bald daraxf H. Kitox-Seaw*, va e ia t anf Gnmd YocJJeobich- 
tnngen in Briwan, deaVwdadxt oinerBexiaining awiadien dan ar mittd t nn Sdar- 

wird die wihrend dor ehmtnea Bolometenriben rich Inderado Laftdarcbricbflgkeit 
bearidmet, wieeabeacudBaindenMa^gBastmidenfilhlbariat. Daartige Scfrwan- 
kimgnn irntdm |Tt< ^ ym G. UOuu ™d S, Ksfflc 1 und A. Bbipomd* beob- 
mrirfet AbnBche Binwtnde gegen die Zoredladgkrit der Sokrkmatmtm- 


* Qerieada Bdtzte 16. B. 544 (1937). 1 aeflBfw-Fntoeinllt (1934). 

1 Bkhn Obe Bnfl Wr. 14 (1914). 

* Bdnn Ota Bril Mr. 17 (lp13)i Hr. 33 (1931); Hr. 30 (1934). 

1 AM Pobl'aa Hr. 64 (1911). * Hem d fipettr It 6, (1931). • 








Ecp. 1. W. E, BaxHmna: BtnUug mnil Temporetar iter Hannn. 


Sehw mku ng rind writer Ton F. Biacoi 1 , N. N. Kaleim* nod E. Stkn* 3 y»h 
gobndkt warden. Eh^ofanod hat rich G. Giakquibt 4 mlt dfcucr Fragu kwdrifluK 
nnd inabemdere flkr dlo Mount WDatn-Worte 190$ bis 1908 und 1909 \An |>j|| 
Betlehn n g swhcben Salarkmetante and TtHna nriMknrifpriflifain t unCgnln Ki 
1924 hat W. E. Bsbmhbiubs 0 daa gesunie Mount Wflaon-Matcrinl, nflmllrh «||< 
Moaatmlttol von 1905 bis 1920, untenocht und kmnte sdgen, dull [Hr tbn 
gimen Zdtabachnitt dne derartige Beririxung fbstauateUeo 1st. Diner Zu*uuu*r h 
bing 1st In Abb. 14 wfodagqgobon. 

Noncre Untenochungen von C.G. Abbot 1 imrhm die Branch bur kdt Uit 
W ilson-War to an enredsen, ergeben aber s ugk dc h , dafi das Anamafi (hi* ihii 
T . bcobechtoton S-hwnti 

ttm * sjTT J9 m n m m> knngen anf din Italian 


tm io jTi W m m » » * knngen anf den IwIIm-h 

^1 I I Wat sn ruduilrnu i-a 

9 _ 7 Dices EzgobnijM' Ahmi.i- 

/. rind in Abb. 15 dnwntrtli 

jf-— In flhnUrihar WHm* vind 

’ .' anch die jflngsliit, in-, li 

■ j# --•-r~ ‘ / nnvnrtflmtliclitiij Mi, 

'__. V “ g _natamlttolvon MuuU/mw» 

' 40 . 7/ ' aasgowortat wonku. Ari 

; 9 _ jL. Li«_ -J___ das hlorbd sur Aiiw« a 

y •• ! • dung gelangtc row Vh 

k - -y .-ishron d a (J Suh«liil IVi 

•. > hol^aIIlQtry ,, koninmi *n 

* —-- 7 ^ — --— in Ziff. 24 nodi xmifch 

m \ l«>i , I 1 N III Wesentlfch ki«*i4i> 

At* -u. Ti h T lra M i ia iw Mm e tain tt tdn rtirflnteitnn riertwlrddie Sttrlibup’il*- 
■teats und das eat dualiowit'WIm g lnteteriH g henjiuht o- dnrch, dafi sldl (lldlt WT 


). Zaaammenbanguxwk 
den Manabmmli'lii <hi 


Sohrkc pstanto und den Tra ramjaion s hnoffl ri m tcq ergahtn, eondcni dull t-eh 
nach Untersachnngon van C. P. Mahth* gmdosa dn ragehnfiJilgur Gang hi 
den Monatanltteln srigt, dor nor aof atmoaphtriache Efamteo surOck^ldm 
warden k a im . 

Maavnr behandolt das aodi in Abb. 14 verwundeto Material vow Mumh 
WH acn, jedoch mit Ansechlnfi dor Jahrei9i2 undl913» umderanflnraowfllmlh-kw 
StQrung dnrch den Xatmai-Arabroch sn ontgoben, Hr orduet die Monntxtiiiiir] 
tiler Jabrc fa rtl a nfand nach dor Folge dor Monata und Undat deutllch crino lHih4< 
der Solarfcnnstnnt n tn Abhlnglgkelt vtn der Jahrwrit Eigant&mliclKi vrk 
selgen die sag. deflnitivuQ Solarfacpstmtea-Worto (nach Anbnngen dor Wa^vi- 
danjpfkaceekom) den Jahresgang noch anaguprtgtor. Diceos unarwartota Krgrh 
nis wfirde dafflr igwiwhrw, dafi die Wasuadsn^fkarrehtlaQ nlrfit nnr ungmQyrtHl 
iit, aandem soger die Stwhln n g swerte nsch der Extnqpalatipn in nngfimligrm 
SLnne be rinfln fit. Znr KUnmg dleser sperihBen Frago mfl—n wohl m<h 
w rito rri e hande Untenochtmgan angestdlt wmdocu Aucbbeideobt 
Maa s ungai v tn Cakma 1918 bis 1920 crigt rich dne Abhflngigkeit 

; Ap-J 4U, S. 3S5 (191T)> 1 Hufcr d pfaje Hanptota PMragnd X. Mr. 9 (1W 


‘Apj4d,8.3S5 U91 Th 
1 Pro Jtrmkaa 1 j (1993). 

4 Hedd fr. Vet Ahad. Ka 


• Mead fr. Vet Abed. Kabelurt. & Mr. 1) (1919) und Wnamm peril 
At ftrihnr-Bswfanilet B t ap U to la ( 19 HL 

1 SMiW-FuteBhtllt a 439 (1034). 

' Pop AMr 34 , & 574 (IBM)- - Manttlr WmUkv Her. ttri-Heb 1996. 

* Ucnthlj Weather Bev JJ, Mr. j ( 1929 . 
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T^ ng p wA Mi ^ha Bdnrtnknnfoa. John*- and MonetmlUnl. 

stsnte to ds Jahramlt, jadoch nar mlfllg angedentot Dioao McaungwiClm 
v*nn dnW alii din hah mid imflatflrtate anaomhen warden. In apflbpnm Jahron 
trittderEflektwiederInwoOerStlEkB anf, genaneowtoauf donMount Wlban. Ub 
hmdelt dch War am die each in Abb. 46 dugnetrfltan Manaiamltto! ooa Pymno- 
nv li iiniMiin|iiiii in Calema and Uontamma 4949 Me 4934. Dice 1st um bo ho- 


r/ii> 


Abb. 15* JeU-'BMhMhtjfgw raa ML WDm <940—1930- TWA *" >,t -' n Hull wilt migw 
ds Muhwlm h neah <ur ilta nod TTiplaifu nodh dam tmma VsiUusi 

ds O oto ola d Pyriulkmetry isgBaba mlt ds «*—»—w—*♦ (nodi Anor). 

merkenewerter, ele diem Sigahnime bardie anf Beobachttmgen nmch dor eog. 
„Shart Method" begr ftn d et dad, doer Methods, die an and for etch efaen Fort- 
■chritt In der Gcnanigkrit Heten eaftte fa Ziff. 24). 

Tbrn psindfarfien Gang dar Mmtmittal fawntw MAgvnf, win mm amAhh-ifi 
erdeht, iwangLae dwtii efne S i niakni TP dantsOon. Der deotJich a m g Bpc tgta 


5^1 


iswmu SfelHHI 




Abb. 16. M <—IsiUld ds 
193*. (Pyrin 


a 1080 Bhtfott 

tn ifH 


JnH 1919 bto JnU 

»)■ 


'Rffan- wl rtt Mch In dsn fifrmfl aue, ]fonitsnittd bobar Solar- 
krcnefonto behn S umnm i u rtmd (Sept-Febr.), tfsfe bdm Wintpnoatand 
(MBn-Aag.) der Atmoephflie beobaditot warden. 

Znmjnanh—d U0t aich fiber die mnnetticben Schwenkimgai der Solar- 
konstante bents otwe fdgsxka mgen: Fine Erihe von Aatoren hat ebe Ab- 
hlng l gkrft der n iit ri der s wim + « v n m T^anamfaefapflkp ciffl^ntmi, 

aW'dem jewetHgen Zaetand der Afcmoephflre, feetgeetollt Diem Beobactomgon 
afebren elne dn rcfa Mjukviw. der die Ucsacfae dieasr 

Ahhinrigbeit pSeStPiem Thtmcbe gibt ebsnodhteme Srklftrniig dafflr, 
wodnrai Febler in die Bxtrapnhtinn efagqpnajBQ rind. Man erkmnt mg eo viol, 

dafl hd rWi bnlngr ^ ih ti jwi TWHim imngsi trf rism lfrrrmt W(lmn fHn nhffw 3fr- 
rfickelahtigaiig der We mrd ■ mjf ■ he rprtnn die aogaafigonde Extrapolation var- 
atfirkt Audi die Py nT mn W snu iui y m ) bed - dnnffr, wie im falgBtdcn gemlgt 
wird, VerflndenmgeQ da Inf tw e tend a wOhrerid oboe Tags etOrande Kinflflaa 
anf die Saierkmurtante nlcfat mehr berynmzfen dfirftan, sdgen unxwddeatlg 
klare Beztebangaa sa etmnjphirimhen Vargftngeh. Sfrid dnch in Abb. 46 btb- 
■c hHsflHrJi Pyrmnoin oiEr ws te benntxt wordep. 
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Kip. 1. W. E. Bnunmncm: StzaUang and T nmp m Ou r dar Boa no. ZUT. 23. 


I 

j 


Andarondta mnfl hervorgehoban warden, daB Voflndcningim der Solar- 
kanatantonwvte van Jahr m Jahr dcutlich in Eracbefanmg tro t cn (vgl. x. B. 
Abb. 13). Dicao Vtrtfldemngon mtaoo nmtnrgeznlfi darch dan MAimiucbo 
Verfthzw der monatHr.hqq IflttnIHlrinng ana odner Groppo von Jahron sage- 
gikbon vicrckm. Wonn anch nach ttbcrdTiwtimmapdan Featatdbmgan die Manats* 
mittol (Ur Salaffconstnnto, so writ bo vertffentlicht aind, ksineiWGgB ah wihro 
Worto cxtratarrestrisduff Strahhing angeaeheii warden kflnnan, so kann dooh 
nreifc&oi, warn das Ansschaltan das Itinflinwon dor Erdatmoaphilro golingtm 
nllts, in dan Mbnitamlttnhi noch tamer cJnfl restHeha Schwtnkung tibrlghlelbon, 
die ah du Anxmafl der Boohnchtnaggfohlaf 1st nod danrit ihren Unprang 
in &a Sonne selbat hat. 

ML KhrxperiodUche Sdhwankungen. Dio Sdnriarigkedtan, die fflr eina ob- 
JekHvts Mfung der Bcelitftt der kxigperiodiachai Schwankongen dor Sannm- 
stnhhmg basteheo, viMchirion ik±t natftriteh bel der BeartnUnng dor Verflndcrang 
in don Moun g aer gabuta en von Thg *a Tag. Bd den. Mimatimitteln Bind knrs* 
periodhche SdrWHnknngen. aiugugilehen, die xmrindeetena toflwriso inf initrn- 
Tnffnfwlln Upgonarigkritim und atmosphA rhcfao Stflm ngen nrfckxaffUmm sind, 
to dafi bd Miooafmittohi, nochmchrbd Jahroa mi t t ehi, weeentHcho Virftndcnmgcu 
Vhn»r horvortretan. Snhngo dio kurrpododijcban Schwankaiigcn m grade 

Ampll h it V n tfrf gti, dnfl Fabler ckff T Wimmimg prumifcnal u nwnnfHrh flbCT- 

aduktra warden, vie dies In dan arstoa Jahron der Beobachtnng der Fall war, 
orachelnt eine Bourtedliing Idchter. Nnn sind aber ta Lanfe dor Zdt dio tflgllchon 
Schwankungon atodg gcringer gerwtwden, dn Umrtand, inf dsn nntor ondoirn 
F. Iinkx 1 , W. E. Bmoouusit 1 . C. F. Makvd? 1 hl ogewlum hiben. Dio Antoron 
geben bnwcaentllchen ah Unacho die Vorfelnerang ta Baobab timgHvtTfnhnm an. 
Nadi C. G. Abbot 4 , der in jtogater Zcdt ebenfalh & fartac hru i tuud e Abnahma dar 
Scbwrmknngon foatstcDt, ist Me vor illem dirin gdogen, daB dio modcraun Sto* 
tloncn nntw bedentend gflnatigarcn kHmatbcben Bedingungsn arbattan. Finn 
DarateOang der in don Jahren 1903 bda 1919 an fast 2000 Tagm gnmonoaen Worto 
ht nach Kakvis in Abb. 47 gogeben. Unter andoum erkramt man ana dor Ab- 
WMnng die vtarken Scbirankungon, die 1912 gdegentlich doa Kotmal-Anabnidiea 
dnastaten, ta aUgomeincn dio oben arwflhnts besOndige Ahoabmo der Sdnron* 


knngcn van Jahr xu Jahr und lm beRonderen dio anfmHendo Vorrlngmng dor 
Schwankong ab Mltto 1919. dio xuaunmanfillt mit der Einfflhrang der Pyrmo- 
mstermeaBungim. 


Zihlfjnnlfflg iat dio Afanahme der Schwsnknngon ana Tabetic 23 xu endian. 

Trbdh 23. Bokwinkinfu darttgUahoa Wit to dar Solirkon- 
atasta in dan vonahladasosBoobsohtasnJaltren. DhStEonaag 
lit dng- M l t ah w. F. tkm TOnadtag B a . aa^eliliikl In riu—itiWi dai 
. Durotostmlttawstai 1,9+ foalan - * aln- 1 far don gnwi ZaKanm. 



1SH2 Moot IDn (Kitzui) . 100 a a 

1913 Konat V/Dmax (Katnao . 86 1.7 

1916 Mount Wlhm. Sfi M 

1918 Gafcam. 116 0,9 

■ 1919 Cahma. alts Madhoda ^ . 131 0,9 

1919 C l hm a. worn Mothotk. . 333 0,5* 

ha April 1922 UontHiuos .. 453 0t49 


19eOr*1924 | Mfrrt—ina, Bsrqoi Hah | 843 | 0^1 


ItatZ 41,'8.74 (1934). > VJ8 59 (l9a«. 

Uwtfalp WSathar Bov 53, Nr. 7 (19253. « Garisndi Britrftf* 16, B. 344 (1«17)< 
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v«f. i, W. E. Bnmum: mid Tasporatv dor Zirf. 33. 


Die EinfBhrnng dcr Fyraaom c t ffmum iigga, does Verfalinuu, dan ouch ob 
..S hor t Method" besrichnot wtrd, bedeutet tnhJnhHrh dnen waentllchcn Foct- 
echritt, Bbher dnd dto TtanunialanaboQfllsientfln bologrephlach fftr yanchlodooe 
WdlariAngcn nor bd verachledenen LaftmaeuD, also lm Jjtafb tines Togee, or* 
niittdt worden. Dunf berieht deb dne Rdbe der in Ziff. 21 gemachten En> 
wflnde. Dm nono Varlahran orrpflgilcfat, die Luftdnrchlflmigkdt mlt elncr dndgen 
Baobachtang zu arbalten, warn wit dnem Pynaometer dlo HimmolabcfHgkdt B 
In mmdttolbarcr Son nanui ngobnng flwnawnn. wird and aafienfam die waaecr- 
rlampflrnr mlrHrmi q(q„ wfa frttheT (Ziff. 19) (ldTCb AuamaiJlg (far Bn mb QOT 
wird. Es tat daozi dea Hafl (far hemchendeD LnftdnrchlAsdgfcdt 
F-HqJq. 

So genfigt fhr dlo Beatfanniiiig dor Salarkonatanto due cindgo Mesanng, noebdom 
der Znaumneohang van H mlt dem Trt n i mfai ri nniknffffti ientcn adian vortwr 
am dner Mnceren Rdhe a mpidach fostgeatoQt lab Letxtwer Umatand hat wohl 
eta Nachtefl dor Methods, da hfardurch wiedcr edn gewimer Znmmmonhang mlt 
Hm frflhma VerfohrBn hsrgeateQt 1st 1 . 

Diegan Pyrtn oin e le r m e miin gcn hommt ein w ra i n t tWi hflbcnr Betrag der Go* 
nuighnlt so. Wlo oboe geadgt, gbUt mlt ihror Etafflhnmg dne write Abnahme 
der a gHchnn Scfawanknngan Hand In Hand, afn Vecfaalten, doe gegm die Ro* 
atttftt der VerftDderllcbkdt qxickt. 

Ulm ninmlfrhnrwprilw Bebdnen anch bd den P y ian am eteEigobiifaBcn, wlo 
BraxHBDmi 1 Bnadan Montearnna-Wertan 1921 nndl922gcndgthat l dfaatflrandai 
Etafltae der Erdatmoipbftie noch nfaht vollkznmnen bceddgt sa erin. Dies 
wird beatUigt dnrch Marvini 1 Untomdnmgan dee gramtnn Us 1924 relcbandm 
Metwriafae dndben Station (vgL Ziff. 21, Abb. 16). Be let awwinniiTTiwn, dafl die 
letatm noch tmvprflffaitllchtgp Ergobnhae dne beae tro Extrapolation onthalten 
warden, ranhdnm Abbot 4 mmmehr atom neaen Aaadrnck fftr dlo Fnnktfan F 
dngdflhrt hat: p HSj 


wobd P (a, Ziff. 19) die PyiholiomB tro aMimg dsnteUt, y die A i t miMiiin g dv 
Flftehe der to beariebnoten WjBMecdanqtfbude (vgl. Abb. 7a). Nlmmt mm dann 
an, dafl dcr KfnfTnB der Eidatmoaphnra vtiBlg uugeachaltot let, no bldbt noch 
hums dfa'soent von Luna, iptter vonMAXvar hervorgehobaneSchwiaigkdt 1 , 
dafi die Sdiwanfamgen von Tag n Teg, die dch lm Dnrchadhnltt ana 1400 Einari- 
Iflllenn Q£l17gealcni“ l raln'' 1 — 0,60% dor ml t t l a m Scxmencnggto pro Jahr 
ergeben, dv GfOBouxdrmng naeh, gorade der Genenlgkdt dor Pyranometor- 
mesenDgen gfalchkanmeii. 

Ttatxdem darf man wohl deahnlb nkht koitperiodlafho Schwankangon 
hanpt lift munflgUdl Wan him lm S lni m Muir ~RjmyffVnng ABBOld 

aago4.dafi,oonn anch dfa dnrdiaehnlttilchen Abwddnmgen vofn Iflttel otaor langn 
Baobadrtmgvelbogeringdnd, ea nochlrnmermOglkh 1st, dafiverdnmlt aaftrotende 
kitftigBroAb mAch migBDnfahtagfiXUg,aondgn reel!rind. ZarPrttfangeolcharAnt* 
nahmeflDe cnchdnon (^ddadtlge IfieMangaa an sod Orten beaonden gnrlgnnt 

2L Sehwankiuigaii anf Grund gfafahaattigarlfaMongan an varaohladanao 
Often. Den yji — w ihong Mefahadtigor Sofar awnMhintiw - lfwy nfinnn hat suit 
Kbom t nnteraudkt nnd fflr So Jahm 1911 imd 1912 dne Sorrel anon 

r- + 0,508 ±0fiH 


* YgL W, E. Ttai e mi M H , BaaUgi^VMMlBVt, & 433 a (19M). 

1 L o, ( 19 M). . ■La. (ms)> . 4 Geda^'BdMge L a. (4037). 

1 F. Lm, Met z 41* B. 99 <i 0 a*). - - - - 

T Y J 8 49, 8, 68 (1914). • 


.{Mends ■Bdh*|n L o. (1937% 


gfg. aj, Bchwnkimnw ml Grand gWdn^UgnrMi 


an vmUarianaa OrtaL 
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awifldmn den Eignbo i aen yam Mount Wilson and Baeeonr (Algerian) gofanden. 
FQr 106 gnmdnanmo Togo 1m Zritranme 1918 Us 1930 flndet Abbot 1 

r- + <M91 ±0,050. 

Anch Clayton 1 and Loro 1 antnachten cHaw Material Letatenr bemerkt, 
dafi fflr 1920 nBein dor Zwnmenhang vnniger augeprflgt encbdnt. Im aD- 
ggxnrinen kaim man 
Modi 


■gen, dafldle 
Bzgebnbae Ua 1920 
glnffn bemorkenawert 
flborelziatlminendm 
Gang dtldadto r 
SdartonitantMK 
Wcrte arigen. 

Merkwflntiger- 
wdae aetst 1931 ! ah 
sain ai ta i m al Bo- 
obachtangm ana al¬ 
ien Monaten yun den 
mm a th eh b e gftmtlg - 
ten Stationen Mmte - 
xama and Hnrqua 
Halt TudlflMD. dn 
anffaUmder Rflck- 
gang der 

dn. So findot Bkhb- 
Hnnn 4 fflr 1921 
nor mdhr 

f -+(1294 ± 0083 . 

K l w Hddlnmg % dine Hr- 
echehnmg iat achwer so goban, 
oa ad dmm, man niinint din be* 
obadrteten Schwmnknngsn kora* 
periodhdier Natur als nkht redl 
an, da sis nicbt gjglchari tlg an 
iwd Orton in Bnchafawngfantm. 
In Abb. 18 «bui die Mamma 
wn 1920 and 1921 wiwfc- 
gegobeiL Hlorin aghHoAt der 
Mdnera Krria Abwdchnngen tta 
an 1 %, der grflfae adobe fata 
an 2 % vom Mlttntwirt sin. Die- 
see Material aowlo die noocrtan 

Hrgwhwl—w hk fArnMUBHnh No¬ 
vember 1924 ha hen ndazm 
Maevdt 1 pnd fan ~ boKndoron 
Kimball* (Abb. 19 ) un ta u g ht 



$ 

1 





■ 

■ 

H 

m 

m 

a 

■ 

1 



■ 

a 

8 


a 




n 

K9 

m 



K 




n 

W 

m 

ft 

m 

a 


\ 



m 

K 

ss 

ft 

m 

m 




m 

m 

K 

B 

■ 

mm 



m 


9 

m 

B 

88 



■ 

■ 

■ 

■ 

■ 

8 

8 



■ 

■ 

■ 

■ 

■ 

8 

8 


Abb, 19 . 
Moataeunaandhi 


CUMinfUfi Warts <kr a ola ifc o u rturta anf 
oa and tn HarqfcaHala 19x1 (riuhKnauu). 


I flaild—1 Ann IY (1(03)- , * Wodd W mtikk, Nav Ywk. & aifl (1903). 

■ Mat Z M, 8 . H (1934).. ^ a 469 (10*). * 

1 Mbodfly Wmtim Bar 53, Nr. 7 (192$)- * 

• Monthly W«tiw Baa 53. Mr. 7 (1025)- 








44 Kap. 1. W. Si BniBCim: StnUng vad TB mp a ntnr te Sumo, 

Sto ra dm m olb on Ergobnle vie Bxkhhxihkb, indem elo cinen widtrnu 

Pftrfcy i g dor Badebnag So flndet Kikealli 


Ttbolle 34. 


Okfc 1900 bh Un 19X3 99 Ttfa r - + 0,341 ± 4060 

Apdl 1903 bh Tall 1933 106., r- + ail ± 4063 

Anf. 1903 bta Mar. 1904 193 » f- + M7 ±0^45 

Anah dk bo Ergob ck ae sprecben uhr ram cbe RfHtflt dar kanperlaliHrlrii 
Sdxwukangen. Ap dcrarndtBmnflifrr f rig iin d ra bodadit warden: ZwoUnUoewirtl 
dnrch die Zeriegung dea Hhtorlali aUein doe ScbwBnknng von Tag ra Tag imirr> 
sncht, wflhrend. Scfawnt nn gBo lingerer Beriode nfcht ram Anadrnck konumii. 
So flndet eich, botmchtet mm dan gan*n Zeitramn van April 1922 Ub November 
4934 (vgt Abb. 13 ), doch dno g u i riwu Andeutnng etoer Baddnmg. Yew alloin 
1st das Uotorial roch tamer allra dftrftlg, worn man hadenht, daB In' dam oUn 
im leuuchtcn Zdtnmm wohl an 837 TSgra SnJmrkmtt tratm-Wgrto arfaaltgn wnnkm, 
davon aber mg an 399 ffir bdde Sfnrtnn a n gemalnaman Tlgan. Dieav tJmatfuul 
1st andi orachwerad fflr dio Benrtsflnng dor Reatitftt da: oben aagadoatotm 
Eztranwwta (Ziff. 23, Scblafi), Es wnrda nUmtinh in den 827 Thgen aln Wort 
nnter 1,900 Jdmel gemeaao, jedoch zrar an 6 gumahisamm Tagen; E xt r am w urto 
fiber 1,940 goal cm" 1 min -1 on 35 Tagon, gmnrinaam an balden Stetlonan Jodirh 
zmr an 4 Tagon. Anf dleao Walae harm bwn hanta noch trine Entachoklung 
fiber die ‘RfwHtlt aolnher Extrarawrrte treffen. WaanntHnh wird ea aaln, wimii 
B aobachtongen door (bitten Station, daa a ftri a frft a n la riwn Mount Brattonw 
Mnratonmim warden. BUM aufier adit an hmm 1st abac apdenrseiti nitrh 
die Unteniicbnng der IrtbangauaUnde der Abnoaphflre, die, wle die Katmul- 
Jabn —if™, aim oft fiber wane GeUoto dor Erdo a nlran k mi . 91a Ubman, nndi 
warn da huge idcht aotatftigdndwlo damala, anf g toWi a HH gaSola rinrgi a fanfr ii- 
¥ 1 —miftiiii rinwirtam. Bias wnrda iwA—« a— van Domro 1 hervoegahobuu. 
Solebe wdt ausgadeihnte TTflbmigiwhfllnnngnn dBr f inn gar nb4it m 

■ultra aoln, wia am dngrhmdra Untwnrhungon von KAi.rmi 1 hrrvorgoliL 
Sonrigt slch bdapiehwelae dno "«" f —StOrnng im So mm er 1919, die gfcndi- 
saUJ g aowolil In Ptwlowak (BnShod) wle In Davos (Sdiwetx) beobachtet wurUu, 
M, „Saleflted PTrhaHomatrT 4 *. Tn Urbiwhik ■nrWgmflwn S d iw Ur lflbnltaii, 
die alch am dm Khtflfi —1 dv Erdalmosphlre der TAwng daa froblema birf 
der Extrapolation tnf wihre Strahhmgararte antgagenstaBan, obebt sloh din 
Ptiige, ob man, «nTtHnA«ftnMftfriinBiwTT*dtTing dor Scnwanknngon der Sonnra- 
etrabbmgi rddit fiberhanpt anf (He Krtrapnlwrion vaodchtm aoD. MASVnr 1 
hat saent dannf hl ngewk—u Hr feat, daB ^ibellainotarbaobadittiiigan 
•Hein nabera fehlerioae Wsta ergabeo, ana denan dum etna wabra SanaanadiwaD- 
knng Uchter n eimlUaln win. Ba a taabii derm, warn die Baohadrbmgm mlt 
gUdhmAfiig gaal ch tra Inatnnnentsa amgeffibrt werdra an venddadanan, voo- 
dnander voUkamman nmhh l ngl gBP Orten, in dm trockanstan GeUetsn der 
Bkdo and in vancUadawn SediBwn. Zar wdteren Brbffimng der GengnJgkeU 
Winn fw on Jadem Orta andi nodi gi*i*»i»— i iig mlt awd PyrhaBameteni gamesaan 
wa rden. 

Ut dteaar Frsge hat ddh andi Abbot bedohftftlgt and car Prfifnng dar 
Sdhwanknngen dar fia niMnafawhirpig elna nans VhHvA artwlckait 4 , die er dk 

1 Krt X 36, a. 109 (1919). 1 Gedtads Battdg* 15, & 376 (1936). - 

• ICaatfaljWaatkar Bar 53, He, 7 (1935V 
4 Kraft!? W raflra Bar 54, a I91 (193D). 
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BpnrMln SehwilnogDa dar ■ lta v lnto tfi SamavtrKhhmg. 


45 


Methods dor ,.Selected PyrbeUamotry'' nennt Ea handalt rich hlur um tine 
OnttnochuDg dor Ergetatoe van Motmt WHaon 1910 bia 1930, dio in afaur 
iwaitan Arbdt 1 anf die Beobechtnngen von Mhntninnia. 1920 bia 1926 azugodehnt 
mode. Du Frinrip der Methods kum in Kfino folgeodermaflen snadnondar- 
warden: Handrit as dr um, mn- Sahwankungon dor Sownarmtalilmig 
f e riw i rt nllon, vamchtet man alao inf Abaotntwarta, to wftnkn pyrfaeB o nietriicha 
Heuungen aflain genfigon, worn nor die Beobechtnngen ao an^eftlhrt warden, 
dafi die aUrendm Kinfflhan da Brdatmnaphflre bd jadar Beobacbtung gleich 
bttben. Abbot bat mm Banbachtnnytagu augewfihlt, an daoea dfe Atmo- 
iphixe von gfafchw Dnrchlflwrigkeit ipd gbrfchgm FenchtigkBit%ehalt war. Er 

hat tiotfh-H^h tnrfi ntlT BOkhe TWiharhi u ri g w ri yrtf mrrwwig^fafl ^ dV* bd gldcbaT 

Snrmmhflho, alao gldchtt Lnftmame, angutdlt wunisn. So apfolen inch Dnrch- 

fan Jjmfa tint* Tagoa Wrfn« Rmle. mm Mount 
WHacn-Mflfarlal furi r rrJd fH* die Untsrsochiuig nsr anf die Jnb-Mooaie aDar 
‘Jahre, tun dia Skheriidi der «nrfi m Ea wurdo nnn dla 

Abwdchnng dues ao gewonnenen Juli-Wartu vom Mlttalwcrta altar Jutt-Monate 
foatgeatallt nod nrft den Abo Lkh ungro der frflheren Solarhanatanten-Bigptpjua 
von derem Jflttafwert vargMchcn. Du Ruuliat dor ft l iftin g 1st ana Abb. 15 
(Ziff. 31) an araeben. Ea butfltigt rich im aJlaanaiiiiai du Gang dar Schwtn- 
knngen von JuH m JnU, wie er rich ana dan Saivkonstantan-lCflBnngen agaben 
hat Im BparinOsn nrigt ea rich. dafi, wie bamtis in ZUf. 31 hervoqpfaobea wnnJe, 
dla Snl«4rnn<twntmwSrfiw anlning Bn apf du AnuruiQ m ve gl lll gBrn Bind. 

Amh bd den Haaauugm von Uontesamn achdnt, aowelt bokamrt geworden, 
du Yerfehxan der ..Selected PyrijeHometry" Erfolg n verqnchan. Die Ezgab- 
nlaae danten luurperiodbche Schwukmmn in d f Grdfiaoordntintf von etwi 
2Vi% an. Die ScbwiarigkBlt in du Anwmdtmg du Yutahzana Hagt darin, 
tataidiUrii anch efne genflgeod e Amtahl von Tagao an flndan, an dcnen ain flbu- 
rinailnnnandar Zealand dir atmoaphirtacbm Tirfiflltniui voritagt, An den 
kHmatiach heonrimi buihsdgtm Siationen wird dlaa wohl char dar Fall sdn. 
Inwiewrit dia naoa Mnthnda efne KUrttng dar ftaga nacfa dem Varhandeoarin 
knrxperlodlachCT Schwanknngm hringan karm, wird die Zaknnft leizren. Ea tat 
in bogrflBen, dafl vnriAnflgp Mcuangaergabiriuo nicht mriir vertffaitlkfat warden 
und ao ut efne voflstflndJge Helhe wndglllHgtr Worts sur Diaknarion gestallt 
warden wird. 

85. SpedaHe Sofawanksngan dar ohraviolettsn Sotmenrirahlimg. Die in 
den frflbaron Ztffem baurodmi ErgabniuB b aaie hm alch dui c h w agi anf baob- 
achtete Schwankongen dar Geumtitrihlnng dar Sonne. Etna Hcnptschwia- 
rigkrdt in der Banrtrifanig ihrer Kaalitftt lag dam, gg Jrh nm «dnn v wrhiTt - 
TffcngBig geriuge Amplitude du Schwanknngan hindalte, demnarii anrii die 
BaobutorngaMtiir gagaoflber dirsen Sdnrankungen von nkht aahr vonohia- 
denar GrdBencrdmnig warm. Du Problem ataOt rich aogirieh andav, wonn 
qierieOa Scfawanlmnun babbachtat warden, die in batrtchtHrim Mafia die 
GrdfieDordnuqg der Baobariitungriahlcr flbervtplgm. Din acheint nun fari der 
nitnvUettsu Strahfamg der Fan m aain. 

Nach mehrfadien Yarvamohen in frflbena Jahzan hat rich 1935 Abbot 1 
ndt duBraga rin ge hwid bauh i ftigt, fartriewrit die aharinan ^rifandbarirksAntall 
an den beobachtetm Schwanknngan der Cwmiatr a h l iing nahman. Bel den 
Ergabnium du-Jahru 1934 aalgt rich an und f&r rich in dan Verfndarangcn der 
GaaanriBtnhhmg car rina garinge Amplitude; ria k o min t fut gtekhmOfiig in du 
ganasn Enar giaknrve nm Auadruck, nur im kunwaDJgen GaUeta Snort rich 

1 Gerfapdi Britrta 16, a 344 (Wf). '• 

■ flmlth— Mho. CoD 


T7. Wn 3. a 25 (192J). 
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Kajv i. W. B, Bamaui Stnfctuf and TUnpomiiir der 800110. /.III. •%. 


w4nw AnAwifaing nhmr atlrharan Schwnknpg. Wa»ntlich tnSalkmder riml <lk- la 
gobnlme to Unterradning do* Material* von 1 {Hi trial 923 . Wle arch ana Abli, 1 \ 
hervargaht, folgt boben Wortea im Jahrn 4921 dn kzftftlgir Abfall lya?. mil 
dnembiiEndo 1924 richanschHefiendenMinimum. Abbot gofamgtnon m ikiu 
Ininnintm Ergcbnis, d&fi dloso varblltnlcmAfilg krtftige Scbwankmu in th in 
envAhntfin ZdtabKhnltta im Gebieie to Strehhmg iwiachen 2 5000 unci X 2tHMin 
fut Qbortumpt zdcht sum Atndrnck temmt. So 1st fait autAHrflHch raxmrlin i 
bn dnor Scmwanhung tmd swar in anwihmmidflr Sttrke im Gobfatu vrm 2 Scum 
Ma X 3500. Dieeoa Enebnia UBt wohl duo rwdfache Dentnng an: Entmib-r 
lot die Schwanknng fan Ykletten nnd Ultravioletten xedl and flberafadgt hulrftrlit- 
fleh jmc in don anderen Spektralgebieten, odor die Schwnnkungen abid clturhwrfl 
debt Damenswert und warden lm knnwelHgen Gebtete durcb Vrtndenuiflcii tk-r 
Darchlflarigkdt dor Erdatmoaphlra aporiell infolgo der Osaabandcn vargobUwlii. 

Ein aebr TnrtvoUflB neaea Material nr Prftfung dieoff Kmdrinung hal 
E. P an 11 gnbracht 1 . Seine Untsrvndnmgai berteben in IntamitfltsvuTgktHirii 
der Stubbing bd 2 3!00 nnd 2 500a Dio Meaning erfolgte ndt Tbermonfluk-, lm 
ehum Falk dnzch ntntm SUberlHin, lm andaren dutch dnen Goldflhn mlt \i« 
geoetstem grflnen ZeDnloidffltcr. Mosungn mlt jroviaariachfir Apparatnr In vbi 
Monatan dea Jahrca 1934 nnd dno von April 1925 forthmfe n d geftthrtc dcfhillivi 
EeobnditiiiigtfaDin, ergeben dne Hflchstadnrankung der Ultraviolett-Stnihliiuji 
▼cm 83%. Dieser Wert radnrist deb anf 57%. nadriem infolgo DichtorwiTilrii 
dea Filters VerboMrangcn an die Resnltate lngobracfat radon mufltan 1 . Sjrfllni- 
Unteruchimgen rind dann obno ZeUnloidfflter gamaebt wonJan. Das Ida llflis 
1937 ToriLegaido Material bat B muH mtn 1 nlhor nuterracht. VarichU-t uwu 
anf cHo VenuchaccgebnlaBB doa Jab res 1924. ao xedgm swd vollattndigo Jnlim 
beobaditnogen ndtderdcflnitivsiinstniiDenteQenAnordiimi^dafidosboolnclilriir 
HOchtimaB der Schwankungnn nur mchr 2 fi% botrfigt. Prmr steOt in dor lotatm 
VeriffentBchong 4 feat, daB do* Verianf to Schwankungai im raontllriiiu 
unve rt ndart bldbt, gUchgflltig ob die Wole fflr Loftmaao 1 boatimmt wunkii. 
Oder ob anf den Ranm anfieriulb to Atmoaphire, alao anf Lnfbnaaan 0 racira 
pollcrt vizd. Dins tme ara tetu Pmatan d hatBKBXBzmxavennJalH sn jrairfi, 
ob nlcfat In den Schwankungsn rich Yertndcnmgen in der Erdatmoaphflro wkkr- 
apfegrin. Die Honatsmittd der Dltraviolett-Stiahhing ana balden Jebrcn balm 
edno H&hatachwanknng von 17% nnd irigan in dor Tat, vie ana Abb, 20 l»rr- 
foegofat, risen ansgepcftgtzm jahramdtlkhen Gang. Venieicht man clnitdi 
Meaungen, die in Aram* bd T.nftmajn 2,9 in demaelban Spoktrull wdrlu* 
Uchtriektriacb crhalton wntden, so enibt rich ein flbaretnstiinmnndnr Joluwv 
gang, der in rielcher Wcrio andi bd den T raram la rion a hnnf flslantcm fftr 2 J2W 
Icstsutellen mt. 

Efaien Jtfhrlichen Gang dca Oaongahaltea der Loft hiben G.M.B. Dobbon Uip! 
D.N.Habbsob - erkannt Pxmr koimte mm dnrch ebi Experiment nadiwubm, 
daB adne Werta der UUnviolett-Stnhhnig nbht w u se nU kh bodnflnBt ran km 
dadxirdi, daB -im Strahleogang dnw betr&chtlicbo kflnstUcho O 

▼Brmehmng ▼otgen om men wird, Ea entspnudi dner lOOpros. Osonvormehrang 
nur else 5pros. Ahnahme dor Ultwriolett-Intenslttt. Perm kammt donmsrii 
nun Etgelmta, daB die kriftl e nu yon. ihm boobadrteten Sehwanknngon drr 
Ultravkiett-Strmhiung reefl rind and ibron Unprung in der Sense habon. 

1 P*bl ASF 38. a w (Igafi). ■ Pw A*tr 34, 6L fijt (1936). 

* DU M i ln i e l ii Th i nK i 16, B. 536 m, 

« WaShltat AaFsoo 13, g. 380 (193T). 

• R W. Pam, QAn, Dot ftaUmpkHm im Am, Brio, 8pln§n (1936). 

■ PnoB 80 a.no 8 . 660 ^ 1936 ). 
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Spoklli ScbwanknvB tWr attxcvUntta Bomwatwhlpiif. 

|f» ^, wks Oxanwirbmg konnst in enter link) in efnwn Spektralgefalat *nr 
da a T mtffft fl lh des van Pitot untenochtea Hegt Man kann dahor 






















4 g Sip. 1. W. E. Bva—wss: RtnUnng and Tanpnbir dor Boon*. Ziff, afl, 2 f . 

hftuflgkalt and dor Solarkonstanto nflber elnragubon. Dies vieHdcht am so mohr, 
tin, wja In Ziff. 2i boKprocben, nodi den Untcrsochungen wan Maetih modi die 
Mopqtto lttoi der Soiarkoostants dn a Ahhflng igto a it yon don Sommer* bsw. 
WlntovZnetaDdderAtnuspbAroaoigai. Eino Entachekhmg fiber dai Varfaandoo- 
tdn ggt mfm ceb rfa dicr VerfindernxigBn der ultravioletten Sonnenstnhhmg kfkmtfi 
gegebon wwdcc, yam din Untereachungan yon Pettit anf der SiidhanAnyi 
wiedcrbnlt wttnien. Entstohen die Schwanknngen in dor Erdatanoaphflro. riann 
mflflto ihr Gang eine aechsmonatlge Pbaeonyonchlebang aafwekun. 


f) Tomperatur der Sonne. 


86. AllgeznelxMfl. Definition. Die tn dan frOheren Ahechnittan baqgocfaflnmi 
Mwnngen dor Solar konst an to, aber anch die Untsmohnngen fiber die Bnergio- 
y erlafl img fan Sommpektnim nod fibs die Bandyerdnxddtmg anf der Sooneo- 
schdbe, Midwn die Grnndkgon fflr die modernen TV « fim mmig wn der Sonnnnt n type - 
ratnr, jaatod vleUiadi sn diaem Endswecke angestelfa warden. Die so ennltteltoa 
Temperaturworte rind an R*r*lihin|pn™iing«n hervofgngnngon and ateQea eine 
Annlherung an die Werte der wahran Ttamporntnr d* strahknden Sdtirirt (far 
Photorahftre dar. Die wafaren Temperaturen der Photoaphftro foetnutaUen fat 
sdnriedg, da doe Strahhmge wm fl g en der RiotoapfcArc fan allgomefaiai nicht 
kiargeriallt let and im spadollaa wcsoxitlkhe VencMedenhelten dnrch Fackri- 
and Fleehentfldiu ig anftretnn. Die gemenene S tXfthh ffl gMaerg iQ hat flue Ana* 
ganjpqueDe In Schfchtan wenc hi a ricnpr Temperatnr, anf deran wahnrhelnllchato 
Tempet aUn w a ta Meenmgen der Randverdnnkfamg hlnfflhren. Die Tamperatansn 
in den tfarfan Schidhton doa Sanncnfamern alnd nnr Ergobnime theoretiadier 
Untorancbnngen, dental safoko amandhnion 1st, dafi die Samentmnpaitnr von 
den ftnfienn Sdilcfaton der rhotoaphftrB Ua sum Sonnenkam dk Werte vcm 
5000 Gzmd bla etwa 40 MllHnnm Grad dnrahltnft. 

Die Temperaturbestfanmang der strahlendan Pbotaaphtre an ter Anwandtmg 
der Geeetse van SroAK-BoLTXMAJor, Wnar and Planck liefart Werte der effek- 
tiven Tempemtur. Man bnrinhnnt aki effektlve Temperatnr der Sonne 
— dn yon Viollx* eJngeffifarter Bogrlff — die Tempera tor jena mbwanen 
Strabkn, der gldche spektrale Inteciftit an—idet wio dlo Sonne, enter der 
VcuaiiBuUong, da0 die Some ■DstebiadiwancrStnhlar fat. In der Tet let dion 
VoraomeUnng nicht vofl g-fflllt Aos diesom Grande erfaUt man vcreditorteno 
Werte. Jo nadodem, ob man in dnan bwtlii i mtm Spektmlgeblote ana der Infern¬ 
al tfit dor Strahhmg odor ana der Gestalt der Energfakorye dio jGrandlage ffir die 
Tompoahntatfannnnig audit Nach ah— Yanchhgo yon A. Bmx 1 spricht 
man fan enteran FaDo von dar Strablnngstempor&tnr, im iwd t cn van dor 
Far b temper a tor der Some. 

ST. Altera B e et fmmung en der effektiren Temperatnr. Ana Otteror Zolt 
Uegen aahbdche Yemcfae xnr Bestfanmang dor Sannectemp eratar vtr. Sle w* 
dieipen nnr dn hi at odi ch ei Intense and ealleii hkr nor in dyrp Fella angeffifart 
warden, ale Due Eigahnfatao d«n modsmen Werten TM.imimgwm«m . 

W. E. WnAotr B mafi die effekttwo Sopnent cmperator dnrch Vcrglaicfa mit der 
Strahhng dee giflhenden Hatfau and land, je naefadem die Absorption in der 
End- and Srrmrmattmuphire berfickrichtlgt wurde, Werte xwisoban 8700 and 
10000 Grid. Bel wdteren Veomdben 4 waide Platin dnrch doe Poneflan- bsw, 
Eiaenrflhre eraetst. Die radiomlkrDinetrifldien Ye ^dde ergaben rn initihr due 
Tompentnrvoi 6590°. Nadi C.H.E.GnnuBATncs 1 , der die atarken Abweidnmgen 


1 JdaPhyiOJ. 1 , a as* (iSoa). ■ Yacttfl.____ 

■ ip Ha a. SO M899). Vsi. aaoh J B A A 10, 8. 412 (19<H). 

« M N 62 . a 64 <i903). • B 8 A F 1 J, B. 37 (1903). 
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dor UabsHgen Resnltate bcapricht (1903). lat die effektive Tompentor awla chao 
5800*und 7000*ansoaeticiL J.H.PoYNTDr^gahtvaadsrl^mpentnrdaridflakn 
Erie bub, die or nf Grand der 1905 varHegondon Werte dor Salarkoostante 
ableltot, Er flndet die effektive Tkmpdxutnr der Sonne so 31,5mal jam der 
Jdoalai Erde nod orrecbnet dneq Wert von 6300°, der elch mlt den raodernen 
Bcftt(mimingenderSalBifcaciBtanteBa£5950 a n!dus)eranwflrde. R. Luxes 1 bench net 
die effektive Tempnratnr nach dan Geaeti von B. Riaca 1 ne der GrwmthnlHgfcrit 
dor Sonne. Er bonfttxt himu Fahbyb Wert 4 fOr die Halhgkrit dee achworsen 
Kflrpon in Hefnokcrian and flndet. efau Teraperator von 5033 A. Scnosm* 
komnit 1905 sn dem Ergcbnie, dafl die Fhbtospblnntamponhir rich xwiachen den 
Grgnaen von 5500" ond 6700* be we g o. Nach W. Wundt* der Bcedwnngan neefa 
mehreren lfotborton enitojlt, 1st die Sonnentempontur ndt 6000° bh 7000° so ver- 
anschhigen. 1906 heben Ch. Fuy and G. Millochau 7 Strahhmgam unu ngen In 
Chamonix and anf d«m Moot Blanc anqgcfOhrt and thamodaktrifleh Taiiperatnr- 
boathnmongen vagcnnTnmwL Dnrch AntchluB in dfeStrahlongeiiieeelektiiachfin 
Ofens nnd dee Bogonlempeoknlsa erhklten do dne effektive Sonnentampermtar 
van 5600*. Aub fbren BeohachtongaargebnlaBCo lings dee Sunnenr adiM heben 
dk) Antaren die Absorption der SannanatmoiphAre sa be sUinn ie n vomodit 
Untnr BaOckrichtignng diaer Abaarptioo wird dlo Sanncnteraperetar n 6100" 
angeaetst. Elne Wtadertnhmg da Untermchongcn ira Johns 1907* fOhrte bn ofl- 
gomdnan zn BhnHcban Ergehaiaai (6040"). Die Ergebnbeo der Untenadnmgen 
von Lavoucy ,hat D. A. Gcldhaioisb* bearbdtot, er konunt so dem flbamtflig 
haben Wort van 10000". Abbot nnd Fowl* 11 baton demi nachgewieeen, dafl rich 
bei BertakalchtJgang newer Daten ana der Methorio von Gqldhauhkr die 
effekttvo Saonanteniparatiir so 6300° enfbt. Demit atimmeirdie EraehnJne da 
Untnngr m fthnmhi, dip J.Scii nntu U mftifera Awarefliiahgn Pyrhahimeta anf 
dcmGornagmt vargonominsibat Er erhilt for dlq effektive Tuuipeialur Werte 
swbcbon6l96 0 Qnd6253 0 . Va^ddmngen.dielnOberflgyptaiswiachaidaStrBb- 
long da Same nnd jour da acbwuu Kdrpen angeatellt warden, fflhrten 
A. Kuhlbauu“ *n cdnerTcmporatur von 6587 ". Cs. Nobduaxb 11 kommt so dan 
Ergelsria, dap ana da acbeinbansi HejHgkeit der ^ fmn * fftr flue effektive 
Temperatnr dn Wat vm 5870° falgt 

Im allgomolmm zdgtu die ExgobnifBo dloaa nach verachiedenen Mrthorien 
lm Zdtranmo vrm 1900 bh 1913 vorgenommanen Untenmditmgen ala wahr- 
achdnllchatcn Wort dno offoktivo TcmpeAtnr von nngofthr 6000" aba. 

88. Die moderaen Beobaditonpergebnlaa. Wenden wir ana non so Jenen 
Woton da affcktiVcn Tomporator, die bento ala die soverUarigatea antnariifai 
shid. Nach dem Goets von Stdax-Bqltxmaxx, S ™ o • T 1 , crfolgt di e Ta n- 
poraturbatimnning anf Grand da Ergelailao da Moaeongen da Gcaamtstiah- 
Umg, Der pw wi M M Wort lat ■hhfa^ lg von da ZumHilgiiBll da Konatante a 
ond da ZuvorUH^kdt dcs Abeohitwertea da Solarkonutinte. Sotssi wir so* 

folgo Zltl. 1ft S —1,9)7 gcal cm -1 min" 1 

ond nach W. Wxstfsal u 

a — 1J74 • 10 _1, cal« an“ , aec- 1 grad- | 1 


> UK 64. Anponttix (1) (1903) nd SUIT 
1 AN 168, R 58 (1905). 

• C R 87, 8. 973 (1903). 

• Fby £ 7. & 384 (1906). 
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Abbot 1. 

0,4700 

6138 

Welbiko. 

! 0.4830 
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■o ergibt rich. nk efEektivo Tempera tar d<r Wert 5767* aba. Dio Untcmndirnigm 
vtm E, PrmT and S. B. Nichotjqn 1 - gsben Wlrmoindixai (w^ — far dlo 
▼axchiedenen Spektralklanen. Ntch door Rochimng von A. Bam.* folgt damn 
far die Soon etoe Temperatnr voa 5400*. Die Wkrmeftndins Bind mlt edur Un« 
ekherhett ran Q*,1 behiftot, Derm emtspricht able Unakhorimlt In dor Tampontur 
van 500”. Damnich knnn din Tempera turimtl nmniDg bob dor Snlxrknrertante 
and up dai radlametrkchen Hcssai^cn ill flberdnathnmcnd angoeohoa wenkn, 

Da Wraxache VcnchiebangsgeseU T—o gatattot din Emdttlang der 

effektiven Temperatnr ana der WoHenlfinge der MaadmallntonriULt der gamooeocn 
Energlnknrm, Dirae Temp u .m tu rbe e tii p mnng 1st aim van dkr Ganmlgkedt dor 
Kanetanto 9 and der Scbtrfo dor Fatlegang van L. ehhflnglg. Dio in 2k If. 14 
beeprochonon Untaraachungen van G. MOiixr and E. Knoir 1 enf Ttaertffa or- 
gabenimlUttelBiiWellonlllngo _ . 

da IntensltttaTauiinain! T.mp.rmtorworh. am dim Wiw- 

A4680. Nech C. G. Abbot 4 ' “ h *“ 

lit dee Maximum A4700, nech 
etacr naneren Batimmtmg 
A 4753. Anigedehnto Unter- 
Bnnhimgm van J. WmnuG* 
fan vfcaellen and pbotographt- 
echen Tdl da Sonnnnspck- 
t mmu fahren xa ednem Wert von 1 4020 far das In tmudtmimiaTljmin i- 

Setxcn wfr nech den nsooten Bcstfanmangen" 0 — 2880, so erhfllt man BOS 
den crwOhntan Miauugen din in Tabelle 25 angeffihrten Tampcraturwerta 

Axis ell dtawl Boetlmmangen orgibt rich ndthln dn MUtehrort von 

T -6079* el*. ■ 

Dio bhher baprochenea E r g o b nla e der Bestimmang der effektiven Tern- 
paatnr aaf Grand da SnrAN-BouaiABincbea and da Wramchcn Gaotxa 
xeigen, wie beniti 49H von Abbot* fcst goto llt worde, dno bemerhaniwor to 
Different. Die Tomporatur us der Geamtstrahhuig let am otwa 300° odor 5% 
nledrigor. UltdieserTixtiadiehat dch 1921 benmdoi eingdiendE. A. MnJf^ bafiflt 
Im Verlmfo miner UntmBichnngen kommtssa damErgebaU, deB dk Intend tili- 
vertdhing far dk Sonne ale elne Gfiskugel im Strehhmgsgkichgewicht wohl dor 
eina idnarxen Rdrpers antxpriebt, Jedoch im elkBrnnhwn elne Vorachiebnnt 
gegen die Udnoren WeOenlflngon xdgt £r mhHefit daiaai, dafi die .^cheinbem 1 
Temperatur, batlmmt an derGaemtstnhlong, am J,1% gzringer let ale jeno, 
die rich ims dem Wmacben Gesotx orgibt Damlt wire xomlndtntcna dnTeU der 
otwa 5 % betragenden Diffcnsnx crldfirt Anf Grand der UntOBochangan dor thearo- 
tkchen Bondverdnnkhmg kammt Milnx xa dam Ergebnk, dafi far die Mltto der 
SazmanscheDw diea Dtflaenx 4,3 betrfgt Die entspreebonden Tamperatnr- 
werto far die Scnnenrmitte rind dann nidi Han 6i60* bow. 6400*. Im allgo- 
rnehwn wird man ale Uraache der Diffisnnx dk Bedbachtangstatiadbo heran- 
xkhen bflnnun, dafi gegenfibor dam apektr olphotoniot rlach ontonachtan visoolkn 
and ylwitngwphifhwn Gebkte bed den Meaabgen dor Gaajntxtrabhmg inch 
knrx- and langweBJge Energk mlterfaBt wird, dk m hwhm wn nnd Hihwr kfihloon 
Sd ikbt m der Photoephflre Btaxnmt (V^L Ziff, 9 and. 26). 


a YKflffMliHBdHlalMC, Y, Baft 1 (1934). 
4 ApJ. 34,8.197 (1911). 


1 PnbJASP 34. 0.181 (i9ad. 
a Petal Pnbl 23, Nr. 64 (1942). 

■ PoU Fatal 2% Hr. 66 ( 1913 ). 

• W. 'Waamui, Handbacfa der AatrooMk Bd. L 
1 Ap J 33. a 135 (1911). MtK M. & 37S’ (1921). 




Tuhlm ich rind die Unteraodnmgm nr Bestfamxning der Photaephlren- 
tanperainr, die snf Momugcn der Eoergleveilfllhnig enter Anjraodcmg dee 
Puurcnclien Strahhrogugcnetin 




gegrftndet Hind. Da, wie in ZUf. 76 berelta erwflhnt, die Bedingung nlcht voll 
crimt lit, dafl (tie Some tie dn achwirm Strihler xn botrachtcn lit, zntaen 
mtmgemiJJ (tie Venocfae, 1m ginsen erfaflbaran Spektralbimsicha oioe tiberdn- 
atfamnenda Den tel long dee Enogleveriiiifes n geben, inf Schwlerlgkriten 
■teflon. 

Die ■pektndphotametzlKhfln Untenmchungen fan vinoUen and photognphi- 
•Aen Gebtete sVrtachen Z4000 nod Z6800 Iflhrtan J. WmancG 1 n einem Werte 
van 60fi0*. Ana ctioaar Bestlmnnmg. dann ana den frflhercn Unierannhnngen von 
Women and J. Schedtkr 1 (5600°) and dan gowichteton Uttel ana den In Ziff. 14 
and oben berdh beaprodssnen Mnanngen. aaf Tenerlffi van G. MOllbb and 
E, Ksoh* arglbt rich ala Uttel 6017° aba. in gntar Obmefajstfamirang znlt dem 
Werte ana dam Wmocfaen Geaetxo. Die Utifrnmrhnngwi WiLanraa jm vtaneflen 
xmd pbotograpblachen Spektralgebiot afaul von demaelben Verfuner dnrch balo- 
metriaoho MTeaeangao ezgfinst warden 4 , die ikh fata sa Z 21000 tJber 

die ana dleaer Arbeit hervcrgebcndm Anfkhlfiaao fiber die vafare FbotoapMrra- 
temperatnr wlrd nocfa an aprochen adn. 

Wla beroita In Ziff. 14 havaqjehobai, *dgen WiLamaa Werte da Energie- 
vrrtdhmg cine aohr gate Obadnatfannmng mit den Btge bnitn von Abbot*. 
Dlea geht auch ana Abb. 8 hervor, in der & Boobacfatnnganatbeci in a b a nlntwn 
Mnflu dargeatellt nod mit der Eneq fle vn td hnig ac h wu na Kflrper vogtieben 
alnd. Die tmtero da Knrv?n in dleaer AbUfafamg sdgt in Gberdnatfanmung nrit 
da beredta frflba gwmaditan FeatataDnng, dafl (tie ana dem Gents van Stkfah- 
Boltxbaiw folgende Te mp era tar van 5740* (Milke 1 ) eUnom Enageverianfe 
w i I up rig h t, da dea Beobechtnngen nlcht vail genflgt. Dtgegea trifft dfasa fan 
montUchen ffir (tie dnqr Tamperatar van 6000° ent ^ pre dw ade obere Knrve 
so. B. T.nmnrLApt honrm t n dem Ergnbnia, dafl dine Tbmparatnr van 

S9S0* els beater Wert ansnanhem 1st, und okULxt den UntencUed gegen daa So 
gobnla da Geauntstrahhn^ dafl eln etwa 16* betragenda Verinat da tna- 
geaandten Strahhuig da Fhatoaphflie in etna adektiv ahaablera nden Schicfat 
fiber da Photoapblra erfblgt 

Die DarstaQnng da Energjevatnflnng darefa die Knrve don 

acbwamn Kflcpera van fiOQO’lat. wle ana dgr Abdkfamg oak btllch, nnrbl aetwa 
Z 5000 gugeben, Befan fi n a nlinajim uii 1 xdgt die Knrve dea achwaraon Kfl ipei 
p y ieiw den Beobachtangen rina krtftige uberiWBmng, and anefa fan weitsnai 
Verfamf dn zneflfaaren kncnadUgen'GeUetea Ua sa Z 3900 wrist (tie beobachteta 
Enogfajknrve ^n* Dqmkn gegonfiba da thearet t ac h en Kin vq in f. And 
die neontan amertiautiacbcn UntBrandnmgen da Energiefatrihmg 1 knrnm en 
sn dem Ergebaria, dafl swar fan GeUeta swiachm Z 5000 tmd Z10000 da Knrvm- 
y wrimf fan nTl «mwdr»i«i jenem etnes achwaxsen Kfirpera van 6000* artapelcht, 
dafl aber fan aperieflen dfa) beohachtcten Werte dn GeUetea imta Z 5000 nntabalb 
dot Knrve dda fchwanten KArpera Uegen. Aoflerdem fidgt ana dleaen neoai« va- 


i potad PoU 22, Nr. 66 (1W3). 1 Potad VM 1ft Mr. 56 (««). 

1 Potad PnH 22. Mr. 64 (191^- 4 Bo*** **** 33. Mt 7* (19*7)- 

s fimltheaD Ait« jn (1913)- 

• MM 81, 8. 361, 373 (1931) and Phil Ttmna 233. 8. 301 (1933). 

* Mora Acts Upn! (4)6 Mr. 1 (1933). _ ... „ 

■CO. Aun, fTm, FMU, L. B. Auvai c a , HmiUn Mlaa CoD 74 (1933). 
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Sap. 1. W. I,3ipiiDm: Btxahhmg and Inpaitr te Bonne, /in, 


l mn rtwilif’ wm | m^ *«ir jwTwl—wn ( HeBiirh lm InframtmTwfl aJneTTnerimml^lf.^j 

britt in demSlnne, dafl imSpeiktrRlgebtat swiachen 140000 andl20000<Ui* Uni* 
achtungm Where Werto ergeben. titer den Veriauf da Boergtoknrvi' in ik in 
Bsniclie enter 2 5900, dor, wie in Ziff. 19 crwfthnt, bd dm Heeenngcn (UtS4.ii 
kmstanto nicht arfaflt wild, htben Pabrt nod Buibbom 1 Untenmchun^rn .im 
gmtrllt. sue demon bd. dnem Vergleich mit der Strablnng da Eratom eUw Ibqp-n 
lichtee samhidaet fan GefaLet iwiidbcn 2 2932 and 2 )940 der Varieuf (Ut JCiht^U 
karvu Jenom efaia achwanten EfrpctB folgt, der dno Temperatnr swincluHi iNMi ' 
and 6000° Lotstero Ergobntee atohen domnadi lm Elnklug mil Jura 

von Abbot and Ldtdblad. Nkfatadcalow iml ga bldbt nodi fanmor elU* i4*n 
orwflhnto Uratimmigterit im Goblet iwiechen 2 3900 and 15000 bateten, iiimI * ■. 
1st sa ontBchdden, ob ekh dor Vaianf der bcobachtatcn Encrglekarw in elb'! «'ut 
Berdcho dnrefa eh» Energkknrvo docs achwaixon Kflrpeni danitrikm laid. 
Nach dm Untcmchangoa von H. H. Plabkett 1 ichdnt dla dar Fell *u ariii. Slu» 
Bobbachtangen ergeben Werto doer fast ebearptiaos£rden Enorglricurvi' iui 
Ultraviolettcn, da ale mit ad nor jCcflmcthode alcfa ao£ den kontinubrlb I* m 
U ntergrnnd in der Ifltte der Sonncnecheibe boloben. Sdno Bcotechtungiu im 
GcUete von 2 )800ble 26700 orgoben dn Anwchmingen dor Eurvo an irnn din*, 
achwanen Strahkn von doer Tomperatnr iwtachon 6700° and 7000”. Nlinuii 
man an, daO BeobachtnngKfohlflr vail ofaigchon, so ergeben dch aln Gnoiawrii** 
der Temperatur, dlo wir nach der Definition in Ziff. 26 ale Farbtcmpe-rulur I* 1 
aeichnai, die Werto 6)00* and 7500”. Die Depression da EnergUairvu Im 
vialettm nach Abbot and Wnsnco crkUrt eich dmumch ana dor AlMnr|Hb« 
dcrStTahlanglndiaamBmidio. BioBrgebntecvonH.H t FLASKnT wonbii v\m 
A. Bbu. b faeetfttigt, da gdegmtUeh der Bchandhmg dor Rodurangem vem }||n. 
XABvr ala wahradudnlldoton Wert dm Parbtomperatnr der Somu 7000° iingil4- 
Dkao Arbeit van UmrAXST, die in Ziff, to baaprocten wanlo, liaJbrt uiw iUu 
B eobacfaluugai von Abbot Ehogfcknrvcn der ■wrfrabm and mittleron JnlnN 
tihm; verglkhan mit den Earvoa aednwnr Kdrper verachledanar TenniRTnim. 

Ana dtocm MHltiUI 
hat Bhxu, hJ^iuHhw 
von dor Furl>tmi|r 
ratar, Wurbi it r 
StrahhmffHtwui^rM 
tar ttbgoJdtut. ilk* b* 
TabeUfi 2fi angoftthrt dnd. Hlobci wnrdo eb visodke Gebdot dor JVHrb 
xwiachen 24200 and 27000, ala photngrephlacfaa Jana xwtachoa 2)11X1 intd 
2 5070 angeotst. 

Dermanh iat dlo mUthro vlaooOo Tomporatar ghdeh der sontrolm 
metriachen; dlo ndttlen bokmotibche Stnhfamgrtcmpaatnr atirinnt mil «b*M 
■Werto Oberdn, da eich obax ani dem Geoetee von Srrr ak-Boltzuamh ri* 
goben bat. 

». ICttlere und wahre Pho to ep fa iran-Ta mp c ra tur, Dio boobachteitu e'ffi'h 1 
tive .Tteipaatnr da nwtoapban atoUt, wie a nnter tnderen Rusbhu. ami 
SixvrAEr 1 iiuadneiakugMeUt haben, efaicn Ulttehrert all Jena SchlditiHi ibu. 
die Strehlang n ana witinndnn. Neben den in dec vorangehendon Zlffcr lr- 
qrochanen Aibettcn von Uan and Xtkdhlad liegen eingebende Unterrachnnira 
hfauichtUch der Teeopaatnr da veacUedenai Schkhton da HiotoaphOra iaa* 
beeabden van Welsdri va B . Hr gelangt in dem Ergabcda, dafl du Abwrplkaa* 


Tabella ad 



1 CE 175. & 156 (190).. 

1 Vnflf! Badta-BiiMUMa Vn. 1 (4927). 
‘ Mad Pobl 23, Sr. 72(1917V 


* YletorU PaU % B, 213 (1023). 
4 ApJ 59. & 197 (4924). 



Ziff. 39 . 


Mittkrro and nbia Rtctnphlxm-Taoiporatnr. 
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vermflgtm tier Photosphere wwantHch grflflcr 1st ah dea Ah—ptionsv er mAg en 
des Stahls trod am dioaton jencra dor Kohlo gkdchgaaetst warden ksnn. Hr 
flndot fftr dto mltUcro wahra Torapofatur dor Photosphere Hmurh n\nm Wert 
von 5900* dor itch untor Haniudehnng der nonea Beatimmang der Kanstante 
dos Wnaradun Gaetme o —14300 saf 5780* rodxudoran wflide. la dloeem Ftllo 
wftro duo vnUirtflndlgo UbcrdnstUmming mlt dem 
bus dor Go—ntstrehlaag gowoanenen Werto er- 
ddt. Die wahro Tempemtar der ehudnen 
Schkhtan wflchot natftdkh mlt fortachrdtendflr 
Tlofo. Wilbuto Iogt mm dar, dafl die mlttlere 
Tempemtar, die bd dar Dantdhmg dar M a m nn ge ui 
dor Summo dar TeOstrehlangon enhetitnlert wlrd, 
mlt dam Wlnkdsbetand vom Zen tram dor Sonnen- 
achrfbe anwflehst. Zor Prftfung dlaur Verhlltnimo 
dcht er flhnHch wle Milki and Lotdblad die Be- 
obachtangsaigebnJaH der Rsildvcrdimkhmg her- 
so. Us warden jene von Abbot afcsltenen Werte 
lm Berdcha van 14330 bis 120970 varwendet, 
dto In TaboDo 9 Ziff. 9 berdts aogefthrt warden. 

Welhemg kommt dun fftr die elnsebien Abechnltte der Sonnenachdbe su den 
Id Tfahello 27 and Abb. 21 dargeetellten Tempcrataren. 


Tsbsllt 37 (Much Whjdto). 
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Abb. 31. Vartdhuv dar —titans HmtwphSBaa-Twnp—tsr sol dar Bo e amsh dbi 

(naoh Wunra). 


Am So nn ec mn dB flllt die mlttlere Tempemtar mlt dtr wmhren Tempemtar 
der o ben ten Photcsp h taMClildi t zaesxnmen, die denmsefa, fmfflch nut (lurch 
dn Kxt mprfath— fahren, aof 5400* sa venuuchkgen 1st. Nadi den Unter- 
■qdnmgen vbd LnirDHLAD 1 folgt fftr dlese Schicht due Tta npe m tur van 5800*, 
nodi jenen von Ch. Gailmo t 1 5000*, also drd Be rtl m m nngen, die verhiltnls- 

miMg gat rrri»*4niinfW fonlubBT dad. 



1 Non A— TW (4) 6, Nr. l (1933). 

• J de Pbjs *JaBadtmn (6) 4, B. 176 (1923). 
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: BtnUuc nod Tttnpenlur dor Runne, 7Jfl. jj. 


pantnr erfum. We berdts In Ziff. 9, 26 und 28 orwflhnt, knmmon rU a Stnhlcn 
todditbcroi Gefafet cm verhAltiriflmliHg tkrfm unci hcdUen Schichtun dur Ptotn 
giham , Viw Am gma- mid LanffweflmqobiotaB ana kflhlmvn nrnl hflhpmn. Diem 
Ff fWwihmg Hi dnd t mta- cndenn tod Wilsdcg 1 / Gaujhhot*, Dwrnim 1 mu] 
Luxdhud 4 gamcht warden. 

D km V afa i ttnfac e cchefaen debar ilemUch klarRintdlt mi min, cinch idqen 
famMn die neoestzn Brgebnl— tod Abbot 1 , dail Momnngim Ira Inlnuoten 
wkder hflhen Tempertturworto ergeben, \rooach ahn in dlwom Sprictralbonrichu 
Stnfahmg ana tWenn, heLBeren Schichtrm ortaBt wOrtlo. Wcdtcro UkaKiOg. 
Hebe Untenodnmgai warden wohl nflhero AubdriOmo ffnixm, clio tdefa aincnvtlt 
ndt den Wfakunpm dor Abccrptiaa der Sonnonatmamhfiru, DJuiurcrnolbt mlt der 
TempentarMnfhiinmg dumb Facial- and Flecbmbildnn# bumhaftigon warden, 
10. Briebolae cm dv Ionlrnttonctheorie. Dio Temporal nrvnrhU trdae in 
dm Ftckrin nod Flecken fan Verglcich so jenen dec umbrimwlen Schicht dvr 
Sarnie lind dnrth Anwwdan* der Ionfaatkmathaariu dor GrOUumnlmrae mdi 
n edS—on. fiber die Tnnimrtnn In den Storn&tmaiphflron winl amfPhrtlch fan 
Bd. JB. dfan* HendbndMi ge ip ro ch gn warden, dlo lm apualiillcfi mlt dor Scone 
cnmmmNhi gondanRigm warden fan fidgondm Knpitol nAhcr bahandalt Hfer 
■fl nor fan Zmcmmariumg mit dsn HigobiiiaBan dor yQrfaorwi^Ktndon Zlflfr uf 
dle«MdgIoniMrtnncib>nriefolgoDdmTampcnitiirTOtokiir»cdiiffynDflcnwor(^ 
Wfahctten ck oBektivaTomperutiir ainon Mittolmrt ana dun Tomporiittmjn drr 
Tenddodmen Hiotmphlnnacfakfaten basokhnot. Du koctlmilcxllciia Spoktrum. 
desman benbeefatet, entatannnt der Photoephlxo. DiuKntatdrangdcc Abwrpttom- 
Ifaden jedoch gdit in einem too dkceui abwdchandon Nlvuaa vor rich, du vie 
R.H.FowimmdE.A.UiLXB'gBialgthabon, anuodfttrrich winder nchwankt la 
Ammealmg mit der Koaentrmtion dor botroflwuloi IQuroonto. l£n fat richer 
Idm. ^dto cm demAnftretenbcw. (far Maximal faiimwitftt d«r Abmtpflnarilnfan 
Tamwaturwirte nkbt ohno weltoron don In rlun frthurnn ZUfm i 
heeproefamen gi a chffm fal wwden kdnnon. Dlo Uotanmchnngon If. N. Seine 7 
{■»■ ^ Ab h l n g lgk d t ds Tari m Hon van dor in dor hotrottanrion Schleht ■ 
iujifci rftvwi Tanpaatar mwle van demDrocko dnrgckgt. Untnr Annahmcta* 
Ihnckec fafit fact co dac Anftratan unci Vcffccbwlnden ctau iktor hU- 
Kbc r Linkn der H wnm ta in der Spektndrriho dur Gvstlmu ah Fnnkiion der 
T tonwit nr erMtom, wqbd « vantftndlkh winl, rioB dlo Union dor loafakrlen 

s P flktl ? Iw a*® enltrotuii. Dur Drock hi der nm- 
tod Saha nodi n hoch angimomnwn wnrrio, bum brnle 
mEN.K umhol and J.Q.Hiwr*irt» 

r^u W3rduo ' Bdifcr AmioHtai* 

faJM^onrthCTfa mt S e Yahjlt ribic dor Somw riml, wlo Rubhui hcrvoJ- 

ggS **; "f MrrtrbMtai «u Oberwindcn. Dm ITohten IM 

*™ rendon Voralnge doppoltor Nntor rind, 

tefa ^ Etewfekung 6<r vnn dor hdE™ PhotoiphlreH*- 


m Bfld fabor den Variant dor Bndidnrai 

_^ Abwypt Siritnion mtorgnoht, aandem Ihro mud 


— _ * n mw u juiu it 

• 21 ? r ' » ('««. « J d. Pin « k> BwUoffl im . n .mi. 
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TTifllc IiitofudtftL Dice wardo von R. H. Fowls* and E, A. Milks 1 mm aratan Mile 
vsnjocht, In anagodeihntam Malle spftter too D. Kemzel 1 and C H. Paths* dnrefa- 
gefabrt Payhs gdangt achUnfflkh sa einor mi dcr IonlmtianBthccriB ahgefcjtetm 
Ttsn pe rat nra taila dor Flsstemo, nach dar skh far KLuk Go 5000*, far F$ 7000* 
agibt. 

Wifi olxm arwflhnt, hat dip. IonlaatloDSthoaria wiebtigo Ergabnhne fiber die 
Tompomtimm der Flockcn nod Fackrin geUefert. DaQ In dm Fackrin hfibare 
Tcmpcmtnrcn hcmchen, war aoch aeban frtihor angenammen werdan, Nach 
dcr Theorio Sahas ntufl rirmnach In den Fackeln dio Ionisation writer vugcj chri t- 
ten sriru Eino Bestttignng dinar Anoshins 1st Ch. Sr. Jornr* gelageatHch der 
Boobachtnng too Tlt—rinmllnjon griungnn. 

thxr woeontllcho Untancbiedo dor iJnknintaoritfttan fan Sorraan- nod 
Flenkenspcktram habanG.IL Hale und W.S,Abaiis* and Hale, Adahb and Gale* 
bcrlchtot. Eino runKruUntssodnuig von Adam* kommt *o decnEzgebnis rinar 
wosentHch tlaferon Flackmtampemhir geg unfl btr jour der Pbotosphirs, da etoer- 
aedts dno game Bribe von Funkentfaiien in dm Flockcn goringars Intenrittt 
bad tat, andoreniaLU in den Fleefam Tltanozyd und andero chernbchc Vertdn- 
dnngm baobachtet midan. Audi A. Fowls®* gdangt sn densriben Schlfimrai. 
Die bcobachtotm Enchdnangtn rind dnrch die Ionlaatiansthearie iwugka zu 
deutm. Saha* bat abar uneh ah Folge seiner Theorio v oe mnag oeagt, daO die 1m 
Sonnonspoktram wogen berdti orfolgter Ionhtontng nnridrtbeim linien da 
neutmkm RnUdlums im Flockunspektrum scfawnch saftrstsn mfiaai Du 
Zutrrflen dLww Annahrao winds van Russell* nacbgewicsm. In Emritmng 
dor SactatKitw Theorio anf Gemhche von Elemental hehandeh Rusbkll 11 in rinar 
■w yrijJintm Unteranduing dks relatival Intend titan der linien im Sannen- and 
Flockaapektnun. Mlt ikmlichoc Skborheit IflBt rich anf dioeWriae die Tempo- 
ratur der Sonnanflackai an! 4000* Us 4500* abs. varanachlagen. 

81. AbaohliaBende Bstracbtungeo. TamperatanQbwanknnfatu Die 
Tempoatmbeitimmtingan der Photosphere, der Fleckan and der tnnbnhrenden 
Schkht, die in dm vodgm Zlflem bespnxhen warden, rind anf Beobachtnnp- 
bogrflndat and htban heats berrits w m o n t Bch e Ergehnlae gszritigt, 
w s ^ n «nrh gw g t werdan mafl, dafl norii rino gims Bribe von Uim l li i i iflighriteii 
in Zoknnft beedtigt warden mnfl. Anfschlfhu fiber die Te mp er aiurmb ilt- 
ni—i im Innom der WVf 1 ana Beobachtnngen debt gewunnen warden, 
ria mflssan ana der thaontfachen Behaadhmg dee Problems der Gaakngri go- 
warden, Nncfa hoatigen Stande der Thoarie wird die Temperatnr Im 
Sonnanxantnnn an fiber JO MTfHonm Grad angegeben. 

Dfe Frege nach sUnlarsn Verlndertmgan do* Sannmteraparatnr risfat fan 
innlg im Tnrnimmheng ii mlt dem Problems der Stamen t wi c khm g. Nadi den 
Anskhtm van EDDmarox (1923)* war die Sonne in farm frflhaen Eniwiddnngs- 
stadien nicht wnmtlfch van lbrem' gogenwirtigen Tompsatmzastande ver- 
ridadam So nimmt or an, dafi die aflAtt va Temperatnr nfamale faflher als etwa 
800* fiber dem boatigen Werts gswssen ht Zar Flags dar Varflndenmg dor 
Sor m en t o m per a tnr in edner ndt der GescfaicbtB der Erde maaxnzDenbAngenden 
Zritspocbe fart at w a gon warden, ob die Ebaeit darefa dn Mlpfam nn der Samen- 


I UK S3. 8.40+ (1913). 

* Herr Ore 253 and (ISM). 
■ ApJ 23. ail (1906). 

* ApJ 30, a 86 (190W. , 

* lUlMaf 40. 8.814 (1931). 

II ApJ JS. 8.ii9 (1933). 

* inf «3. a. n ( 193 a). 


■ Harr Ctra 256 (ISM). 

* PopAstr sa 8.226 ( 19 X 2 ). 

■ Ap J 24, 8.183 (1906). 

* JB A A 1ft a 166 (1909). 

* PablASP 33, 8.S03 (1921). 
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teniparatnr htTvof^ on ifoa wardo. Auf dlcsc M^kdikd that zutTHtli-DuHom 1 * * bin¬ 
go wlafcn. Die Frago wurdo audi von J. Senumen* anfRugrtlfcn. Nucli Hulocn Be- 
ndumngen hittu dno mu’ drcdproientiffo Ahnahmo dor SonncntcmiuffEtar genflgt, 
no die Kindt a oridttren. Ob tabdchLLch. clnc dcrnrllgn Vtrtnckfting ckr Son non- 
tampan tur crfotgta, 1st nur mlt Vnrbchalt aniunehnum. H. Siiahlkv* hat dlo 
Vormotung amgcaprochcn, daQ dlo Eindt nlcht dareh YnrflntUTun# dcr Snoncn- 
tamparatnr bodlngt wnrdo, amdan infolgo den Durclignnfii* cIit St muhi dnich 
dno Walko lcnamtadigi Staubci. Nach Selaplkyh Bcrrciimmgcn Htand dlo Soldo 
vnr etwa 9 MUllonon Johran In dor unmittnlbarai Nat'hliarHclinft dcr groflen 
Nobdgdbioto don Orion. Nach wrinen Hooberhtungon dor Orion*Vcmndorllchea 
an achHeBon, w&rai In dJoncm Zdt|mnkto Schwankungen dor Sonnenntrahlnng 
bxw. Tempdrator tm Ana malic von 30 bln 80 % ohne writras dttnklmr, dlo ao 
zn den Klhnavarflndaningon an! dcr Erdo Anlafl gugulmn hill ton. Mflgllcbcr- 
wefan Mnnan inch IcrapormtarwfliulartmgDn bodlngt won Ion (lurch <Uo vtr- 
mute ten Palndonon dcr Sonne 4 . Kin nflbcnm Studlnm dor Wcdmdwirknng 
dor Flocken* nnd Faekulbildang auf die TcmpcratonrarhAltnlmu nncl uln wdtars 
Stndtnm Hirer Bezlchungcn za den bootaentoton Stmhlungn-Ergubntaton wild 
In Znkunlt das wlcfatlgo Problem dcr TamporaliinKhwBnkangcn in fflrdeni 
vonnllgen. 

1 Da K H ma ta o d«r VocrvtkL mi da Ganhiadmii dor Zoo, IMUvlm iSpl. 

. * StraUuag and Tomparatur dor Bonne, Leipdg 1B99- 

• T at Goofagy ZQ. S. 503 (1931). 

4 8. 8. icon. (Homs Bands. 



Chapter 2, 


Solar Physics. 

By 

G. ABETTi-FIorence, 

'With 141 JDimtmtlans. 

a) General. 

I. Historical. Although there are records oi sunspots having boon scon 
before the Invention of the telescope, tho study of solar physics may bo said to 
begin with Galilko, who In 4611 added to his epoch making dlscovorlus by dis¬ 
covering the sunspots 1 . He continued to obaorvo the sun systematically end In 
4612 announced his remits In an address to tho Grind Duke Corimo n 'Con¬ 
cerning things which are to be found.an the water 1 " in which ho says with his 
tum«i prodrian and ladd i t y 1 : 

ir Annoud final men to le continnato uretaiaslanl accortato, tail macchie oaeore 
motoric emtigne aha superfide del corpo nitre, o qutvi cantinuamonto produr- 
seno molts, e pod diaoltvecsl, altro In pdh brevl ed altra in pih Hmghl tempi, 
ed ereere daHa danvarione del safe in sd stereo, din in an mono Inn are in drea 
flnbce 11 stw perlodo, partato in giro; accidents pot wb gmndissimD, o nuggloro 
per le toe ennaogoena." 

J. Fabbiczdi also discovered the sunspots indopandantly and published hlu 
pamphlet T)e micutti In sole ohrervath etc,* in 1644. Father Schkoeer, another 
of the early observers, also began his niunorom observations in 4644 and published 
them In im 'Rare Uxsina 1 . 

From that time obawatiaos of the sun have boon carriod out practically 
without interruption and with instruments of increasing power. Little real program 
was made until 1774, adieu A. Wilson of Glasgow attributed tho spots to do- 
prurelons In the sun's huntoous surface or photosphere. 

Tho hypotheses and researches of tho Hnbsoibxs and tho observations of 
Schwabx of Dea reu who, in 4843* was tho first to limoanco a probablo decennial 
period far the frequency of sunspots, led to renewed interest in the sun and Its 
phenomena. 

In 4854 Lauont, Director of the Munich Obeer va tory, discovered the periodic 
variation In the earth 1 ! magnetism, and in the following year Sir Edward Sabins 
rnnonncBri its definite c o nne c tion with the anfier cycle, R, Wolf at -Berne 

1 B. Mniosns, Opss isaksil vtzrlao-cdticha seaport* dolls ■■"iiif oakri ate. 

Rood. p,43S. 6 Mink) (iBOfl, 

■ * Opn dlO. Gaim/MU. Mu IV. p. 64, Ftrasm (1B94). 

■ "BapHtsd ohnrrstlaai lave lhaDy aardxMMd me tost tomo w>otj axsaibstanaasoa 
*s irises of tho solar body shew they m oD o ttsoonri yi td rea d sad wiuni thaysro alio 
Wad, sons is darte r sad pftm is Insgsr nsrkds Aad by tbs rotation oi tbs ssn, 
vfakk owqdeaita pwl o d in shoot a hirer manta, tfaay art carrlad round thasun: sa ocmir- 
sdob Isip g tsiil in forif sad *111 mon s6 far its slfnlfkaiuo. M ' 
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investigated all tho nmqiot observations from thetiineof Galileo andScuEiinta, 
aiM1 was able. In 185% to deduce therefrom a man accurate period for tint cycle 
of solar activity, namely 11,11 yean, and to demonstrate Its analogy with tie* 
light-curve of certain variable stare, that la a rapid rim from minimum 
to maximum and a dower fall from maximum to minimum. 

The dlmovariea of CA ra mn o u and SpObxr which followed, relate hi llr 
equatorial acceleration of tbo son derived from tho motion of the spots in vurimia 
l ati tude, their ddipbooment In latitiido In the eleven year period, ami list 
detorminatian of tho pasltian of tho solar axis referred to tho ecliptic. 

Among tho other phenomena obesrved In ancient times fai that of tho amine, 
vfctble only during tho hriof pariodi of total edipeoa. Kxplhx had already ku^ 
geatod a probahio connection between the corona and tho tolar body, tail H 
waa not until the 18* century that this phenomenon and that of tho flnlor in- 
ndnoncea, which are also mentioned in old records 1 , was bettor nndmtnoil it* 
tie mult of more carefnL examination. 

No real pr o gram was made In our knowledge of solar physics until spectrum 
analysis was applied to the study of celestial bodies. Frauxhofxe’h ribwwty, 
In ms, of dark lines in the aolar spe c tr u m andS jrchhoct’b further nepairlai, 
In 1859, led to the latter’s well known law which la tho foundation of our hiunr* 
ledge of the physical and chemical constitution of the ion, and to the coostntribal 
of the lint map of tho sun'a visible spectrum. These now devolopcnonta bernra* 
the basis of several yfandhiw theories such am thorn of Kimchhoft, Seccdi, swl 
Fate, and at the same H™ led to important and diligent resoarch In aolar physic* 
especially in the obasvatlon of solar ocHproa. 

During the total edipao of 8* August 1868, Jambskk, who ohmrvod ti In 
India, was impressed by tho brilliancy of tho tinea In tho spectrum of tin 1 mdur 
prominences; it o c curre d to him that they might also ho nan in full sunlight, 
thla he succeeded in doing. Tho bright tinea of tho gueoous peomliumau nv 
composed of monochromatic imagea and therefore a spectroscope of high dlspif- 
rfve power separates and widens them, without making thorn too faint tn lr 
aeon against the falnhx background of diffused sunlight, Sir Nosxax Locrykh 
came to the remo condudnn In 1866 and in 1868, before tho news afTAmwufi 
discover y reached Europe, ho announced hta Independent (Uscovury. Tnls ajijiir* 
atkm of tho s pe c troe co po opened out a now and produdivo Hold In solar pliydrail 
research, ono which la extending and developing with pregnant results. 

Hdooieb In England, ZOllnxr in Germany, Youwg in America, mal 
Respighi and Sxcchx In Italy, devoted thanaehnoe to tho study of tho chimimi- 
sphere and its various aspects, and Sxccm and Tajxhtki began that itrics of 
pmuihi ea c e observations which Is continued today under on international urgaii* 
eatLaa together with the obwrvatkm of sunspots and other solar phenomena. 
In 1871 Ssccm and Tacgedvi founded the "Sodeth degli Spettroacopisti Itstkuk M 
which began the pohBcatioa of its memoirs in that year; this was the first obIto- 
physical journal which was also devoted to research in solar physics. 

About the rente time AmostbOh constructed his map of the solar apodrnu 
which, however, was amplified later by Eowlaxd with hla famous grating* 
Vouel at Bothkemp undertook the first Invaatlgatlon of the sen’s rotation w 
means of the ridlta of the Fkaumhovek tines dne to tho Dopplxe effect, and 
Ssccm published Iris treatise on the son*, undoubtedly tho best e x pcritioni, 
of all flat was known at that thro of the constitution of the son and of lUi - 
n umero us and I ntantfa g phn n winw. 

1 dim, History ol Astnnomy d* o. B9> Msbeghi Hank (IMS}- J 

* Oman, Ls Befell. Fids: GaafUsr VQbn, Danrilma ttttfcn (1879—77)- 1 
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TIm groat p rag m a moAn In photography and In the construction of astrono¬ 
mic! Imtnnnanta resulted in tho invention of the tfpcctroboliograph, by moons 
of whidi the surface of the son is examined only in the light of odd of tho Unca 
of the spectrum. The prindplo of the spoctnihalkgraph had bean suggested 
earlier by Jamhe* and K. Beaux, but tho first attempt to coni tract that 
inatrunxjnt was made by G. E, Hale in 1 889 at tho Harvard Ohaorvstory, and later 
at the Kenwood Obeorvatary. In tho spring of 1891 ho obtained tbo mat photo¬ 
graphs, on ordinary plates, of tho son's pronrfnancoa, urfng tho R and K Calcium 
lines which he found to be tbo beat salted to tho puqnao 1 . In-Juno 1893, after 
perfecting the inatnunont, he obtainod photographs of tho whole surface of tho 
■in In tee light of the H and K Hnoe, showing the luminous areas c or ra apu ndhig 
to the revanfla of to— Hnoe 1 . At the aame too Dxblandbk^ who wai ongngwl 
in the invratigatian of the apoctnim of tho chramasphtxu and of U 10 sun's disc, 
devised his "apoctrogrmphe aea vHoaaes” (velocity recorder) which he dovdopod 
a year later into a ■pectrobeliogrnph; Evxbshed alao constructed and used 
a spectreheUogrmph shortly after HaWs d is cov ery. Wltli this now inatnunont, 
the structure of the aolar atmoephe r e la revealed by tho vnponra which produce 
to more intense hues in the solar spectrum, sodi as calrdum and hydr og un , 
at various levels of the son's surface. The rise of the red hydrogen line, me da 
possible by the advances in photography which resulted in tho manufacture 
of plates sensible to red rays, showed tho dlstdbatian of hydrogen and gave 
rise to new di sco ver l ea which we shall describe liter. 

The demand for larger sun images and ia greater dispersion led to tho 
coP sti i aM l nn of te l ramp ee and spectrographs of great focal length arranged 
horizontally, aa at Mount Wilson and Msndon, or vertically, as dovisod later, by 
Hale at Mount Wilson; tho latter are known as solar towera. In these instnunenta 
to light of the son is cnllentnd by plain inlrro n and tho imago is formed by a 
suitable objective or a concave mirror. 

With these powerful instruments important dlscoveriaa havo been made 
recently-, and with these means, research in solar physics generally, and also 
in its relation to terrestrial phenomena, is being actively carrion out with 
International cooperation. It is expected that syatamiflod collaboration will vary 
■faintly increase our knowledge of tho star which gives light and Ufa to our earth. 

ft. Diets noe, Dimensions, Mass end Density. The grant importance of tho 
study of the sun will be readily undovtod when we canririir that It is to only 
star whoso visible surface presents an appndablo disc to ns. Even in the moat 
powerful telescopes all other stars are aeon as but points of Hght, and therefore 
toy can only be examined and studied in their entirety. Since we can n« %n 
to to aim its pepper place in the aequoDce of stellar spectra, it is evident that 
a careful study of to sun tad Its phenomena Is tire key to undczsteJidin& 
meetly interpreting, to evolution of to stars and thdr spectra. Aa an intro¬ 
duction to the study of to sun its distance, dimensions, etc. will now bo con- 
ddered. 

Taking to value of to solar parallax, £q, that Is tho angle subtended at 
to atm by to earth's equatorial semi-diameter, to be 8",80 and the earth's 
squatorkl radius fg)to be 63 77 kilometres, the distance D of the sun from 
to earth is given by the relation: 

_ 206265* no 

149500000 km (a) 

1 adm M—if Jqm 1191 . 

i Bm Hsu's nevn^tiiiniHnni n tttli nbjaet in "ifboDoiiy and AstroofavaSaa" 
H 1802 end 1*3. ' f 
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or approximately <5 • i& kilom e tres. Thu ifl the ag ro nomical unit lee all 
meMunnom ti referred to the solar system 1 . Light takes 498 seconds to trawl 
through the distance separating the earth and the nun. 

The annual parallax, that la the anglo subtended at a star by the radius 
of thocarth*n orbit, of a Contour!, the nearest star to our solar system, Is 0",75» 
equivalent to 4,3 light years. The mm considered an a star is therefore nearer 
to tbo eartli tlisn the nearest star In tho ratio of 4,3 ywux to 49H seconds. 
The apparent magnitudes of tho nn aa seen from tho earth la m “■—26,73, 
corresponding to a distance af • m ' nr parsecs, wheru a parsec in tbo distance 
equal to a parallax, of l", and fa the amt distance adopted for the sidereal system. 
If tho ran who removed to a distance of ten ponces its magnitude] Af at that 
dlttarco, known as the absolute magnitude, would, ho given by 1 : 

Af - —26,72 + 5 Log 2062650 - +4,85. 


Given the dhd-nnen and tho apparent diameter of tho nun its dimension* 
are readily obtained. Tbo stu^s apparent disc fa vary approximately circular 
_________ though its diameter may 

— perhaps vary slightly in 

y' dmo. As tho rosult of nu- 

/ a morons measurements tho 

/ VJr, apparent diameter may bo 

/ s. . taken as 32 f Ji" at perl- 

/ mM / \\ hollon, 3!' 27" at apbcdlan, 

/ Sm%df \ \W and as 31' 59".J at' mean 

If \ distance, whence tho radius 

[ ' I , Mfcar IV q at moan distance may bo 

l l. I taken aa 9 S 9 "i 6 . 

I \ j |P^ Thu radius f a of tbo 

\ \ / fj sun oa ianwiccl in nfamotni 

\ \ y / • is given by: 

\ ^- / »-«»* 

' ' . an that from ( 1 ) above: 

Fig. 1 . Dll—fauns of tbo nn eocTTpniul wkh those of 

th« noos’i orbit (Young, Got. Aotr.) - M H 695450 km. 

/*© 


Fig. 1 . Dim—fans of tbo ran campanil wia. 
th« moat's orbit (Young, Gas, Aatr.) 
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Tho ratio between tho sun's radios and that of tho earth fa: 


^"te“ 109, 

while tho ratio botvwcn tho two whunas V of tho son end v of tho earth Is: 

y-4300000. 

Given the ratio between the two masses of tho earth and tho son, the moos 
density of tho sun can be compered with that of tbo earth and with that of 
water. Lot / be the scontoratlon of the central force which keeps tho earth to 
her orbit, g the accelotatioo of the gravity on the oarth, and Mq end ATq 
the m—ee of the son and earth respectively, from the laws of gravitation: 

__ 

' 1 Tram, Int Astx. Ufacn 3, p. 17 (1925). ‘ 

* XrsnuL Smt Ajtr. '□■km, L a. 
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neglecting the occootridty of tho earth's orbit and taking the orbital velocity 
of tho earth to bo: 2 *T> 

*\D ■■ 


where T la tho number of seconds In a year, ud because i — -4., we have 


. 4 

I 

Taking g mm 981 cm nee -1 wo have: 

K 0 

Sg-332000. 

Tho ratio of tho mimes is tborobro nosrty four times lea than tho ratio of the 
volumes, honco tho moan density of the son la ahoot one quarter, that of the 
earth. Tho moan density d of tho oarth as compared with water is 5.5, ao that the 
moan density A of tho son compared with water: 

r“y h a-**- 

the density of water being 1 . 

Tho force of gravity on tho son's surface la obtained by dividing the ratio 
of tho two mutes by the square of the ratio of the two radii, that is: 

~ 27l9> ' 

or about 28 times the Iona of gravity at tho earth's oqtmtor. A body on the son 
would fall about 439 metres in tho first second. 


b) Instruments for the Observation of the Sun.' 

8 . Visual and Photographic) Instruments. Reflecting or refracting telmcopcs 
differently mounted arc uaod for visual observation of tho sun's sur fa ce , bat an 
account of the intensity of tho son's light it is necnpD y toredneo It by means of 
kdioacopoa. In thrfr simplest term they consist cn tinted 
luimogeDooDS glass slips, with their two surfaces perfectly 
parallel placed in front of tho eyppfoce of the telescope. A 
dark tint, admitting a small portion of rays of such rafran- 
giMUtyaa to giro a slightly smoked image is prefenetL Reflected 
light may also be used (J. Hkbscbxl), or poariaed light (Father 
CAVALUKi) 1, with a polarising eyep lt u a id which the intensity 
of the light can be varied by varying the polarising plane. 

A mom recent type of hetioKopo is Cold's, now exten¬ 
sively used. It consists of a double prism c omp osed erf a 
right ■ngl«d cro wn p do m P x and a liquid prism P r Tbs light Fig, a* Micrfnjv 
rays after isfloctian at 5 enter P x perpenmculariy and would fatfasCgg’sbaM o- 
be totally reflected at B bat for P* The latter contains all 
of vaseUne, whose index erf refraction differs slightly from nyScteStoa) 
that of glam, so that the rays in faintly reflected on the 
hy pot en use of the gloss prism b etwe en P t and P+ and the reflected ray B, 
suitably redncod, roaches the observer's eye through tho eyepiece (flg. 3 , p, 62). 

1 Bwwi, la SoifO, p. 32 ot mq. 
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Clip. a. C. Ann: Solar rh yW u . 
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Visual observations of the son con also bo made by projecting the eon's 
Imago prodncod by die tdeacope on to a screen, u was dona by Gauuo and 
Father Schxdcml Ihta method is specially suitable when drawings ot tho vbxIijoi 
phenomena am required. If the acreon ia placed at the focus of the objective 
the resulting Image Is generally too amah and too bright. The ratio b ul w uou 
tbs also of the imago i produced by an objective and the state 0 of tho object 

la oqusd to the ratio between tho focal 
# , , n jB- length / and tho distance d of tho object, 

J ■“ i-i- 


/ 




i. a 

W* 3 


m,% am 
Cote's 


Mkacopki 

(Zote). 


oyopUeo, 


,vC \ - i Substituting tho vnlnea of tho sun's dh- 

'&A-S ... /~ rooter and distance for 0 and d, tho result- 

a v ' * Ing image with on objective glam of, say, 

- 5 ra focal length is about 5 cm in diameter. 

J . The eyepiece magnlflos this image which, 

", in direct vision, U a virtual imago magndflcd 

Xf and reversed. If tho principal focus of thu 

tJ eyepiece la trsnafurrcd to a point beyond 

j; tho principal focal plane of tlio objective, 

■B* . . _ a real image Is obtalnod beyond tho uyi^ 

__piece which is magnlilod and direct, and 

i. . % amm i. uw*a can ho projected on to a screen, 

yif. 3 . Corn's halkaeoplo ojoptaoo. • A photographic plato can take the 
f* 0 **)- place of the saeen either In tho focal 

piano of the objective or beyond tho aye* 
pieao, and thus photographs of the solar disc may bo obtalnod. Soch an arran¬ 
gement la known as a heliograph, and with It tho son's phenomena can be 
readily observed and recorded. Photographs of tho solar disc obtained with 
heliographs am measured with instruments which giro tho rectilinear or polar 
coordinates, Tho solar micrometer usod at tho Groonwldi Observatory u of 
tho kttcr typo (flg. 4, p. 63 ). 

4. Horteootal and Vertical Telescopes. Whan wo require to nm spoctroacojwt 
of high dhpo n i ve pawn, and thereforo of great focal length, It la both difficult 
and inconvunlont to attach them to tho oyojdeco of an ordinary tolosoopu an 
account of their sbo and weight, end ebo because of tho flexion produced on. th« 
testrument. In soch ceeoe fixed telescopes are rated to; thoso may have their 
axes arranged cither borisantalty or vertically, the objoct bring reflected Into 
the objective by moans of mirrors. Fixed telescopes ere specially sol tod lo 
solar observation becaneo of the great amount of light avallabld. 

Tho Snow tdoacopo at tho Mount WUbqo Observatory In CaUfarnla may be 
taken es typical of horuontol telescopes. It conriataaf a plena mirror or coetesUt 
fl), a plana peccmd mirror (U) and a caocavn mirror which produces an imago at.? 
(tig. 5, p. 65 ). The cD wl oe frat and second mirra reflect tho light from the sun elvraw 
in the same directional all Boaeona and at all tjnw of the day (Bg, 6 , p, 64). Too 
first mirror la mounted on an axis parallel to the earth'a axis, and by means of 
clockwork it ia made to follow the sun In its apparent diurnal motion. It an 
be moved oa rails in the. direction east and west; the second minor is ■b) 
moveable in the direction north and south, so that, notwithstanding the sun's 
varying declination, the concave mirror ia uniformly Uhunlnatod tEroagh all 
the hours of the day.* The rays reflected by the plane mirror ere collected by 
the concave mirror and ere united to form an Image (fig. 7 , p. 64). 



7%. 4. The QmuHi takr mknamkm (opm and amt). 

near tbs ooekatat where it can bo photographed either direct or with the apec- 
trogreph or the apeotraheUcgrapb. 



Mg. £ THagrmm at Um Brow fcElaatal Wraoqps. 

) 

The vertical >tileecojfe or polar tower 1 d erhod by Haix poraeen many 
advantagea over tie gnA m ta} teleacope. It ia a—mally nothing more than 

1 i* J a* ay. *xx (ipoa). 
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a vortical reflector, or refractor, with a coetoetat and second mirror in a involving 
dome at the upper extremity. Five solar towers have been com true tod; two at 
Mount Wilson, and ano cadi at Arcotri and Potsdam, are refractors; end tho one 
at Pasadena is a nrftoctor. The general arrangement of lowers of tlie refractor 
typo ia shown in fig. 8. At tho top of the tower are the cnoloatat and tho aecond 
minor (C and D), an arrangement very similar to that of tho Snow telescope 
(flg. 6, p. 64) already described Bdow the 
niinrar to the astronomical objective d (flg. 40, 
p. 67), so that at B a real image of the son 
is obtained. The 50 m tower at Konnt Wil¬ 
son (fig.' 14, p, 68) gives a solar image of 
about 43 cm in diameter, whDe tho Arcotri 
tower, 25 m high, gives an imago 47 cm In 
diameter, both with objective loos of 30 cm 
aperture. Tho object glam can be moved 
up and down vertically to allow tor alterat¬ 
ions in tiie tocos; tho farearing is done 
electrically and la controlled from tho obav- 
vation room at the base of the tows. Elec¬ 
tric motors supply slow . motion to the 
minora and keep that portion of the ton's 
surface which is under observation, con¬ 
stantly on the slit The spectrographs and 
spectrohellographs used with those Instru¬ 
ments are to ]4ts bdow and in the axis of 
the tower. 

One disadvantage, common to all mir¬ 
rors, is the variation -of the focal length 
by the heat of tho son's rays affect- 
tog the mirrors; the me of p yr ox glam, *r“ 

which has a tower coefficient of expansion ” 

than gown glass 1 , has practically overcome 
this drawback. 

To dim I onto tho affect of vibration 
r^Ttufl by winds, the 50 m tower at Konnt 
Wilson of two iron tow er s , one in¬ 

closed withto the numbers of the other. The Fig. a. Diagra m of Arcstd nlar 
outer am supports the dome and protects tawm. 

the inner one which cairloa tho mirrara. In 

the K is mvnr tower, at the Astrophysical Oboui votary in Potsda m*, the mirrors 
are supported an a wooden structure erected inride a tower of ratafemced con¬ 
crete (flg. 42 and 43, p. 69 and 70). At Arcotri a simpler construction has been 
• an m ■ ■■•> h of nrinfarend c oncre te aroused, and it has been found that there 
is no vibration to affect the sun's image, even in winds of moderate lntenrity. 

In tboEixnzix tower tho coetoatat and tiu mirrara of 90 cm di a m eter revolve 
about a vertical a*b (shown in flg. 44, p. 74) and can be made to take up any 
poritton to aslmath. The polar axhdtiu first edrrar can be adjusted parallel to the 
»rlal f »4a in order that the two mi rrors may take up such positions as will 
pu n v e u t the riiadow of tiu first min or from tolling upon the seamd*. The objec- 

1 Ap T 5A. p. ace (1923). 

i FnOxDLiaa, Dm T>mi]ldiafcnniW Klosfad^StUtsac. BmUn: Jsllra Sprisgs (1027). 

• v.<LPsbuu, ZfInstrk (1^. 
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Quip, 2 . O. Autn: 8oUr Hiydta. 
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tlvo of the tdeecopo la 60 cm aperture and 14,5 m focal length, Instead of Mug 
placed in a pit In the axis of the tower, the spe ctro graph la aet tip In a mom in 
0* basement, j m below ground level; the a tar images are reflected harismtally 
Into tin spoctrograph by a mirror. Inclined at an angle of 45 *1 placed hi tlu- 
axis of the tower (fig. 1J, p. 70). 



Tlf. 9< Coaloat a t of (hi Araatri solar tow. 


6. Solar Spectroacopaa, Spectrograph* anil SpeotrohaHograplia. Instruments 
having apodal features, which we ahall deacrlbe briefly, are naed for investigating 
the aolar spectrum and the arm's monochromatic rarHariona. The spectroscope 
turd by the first inveetigatan 1 has snffered Httle change, and with alight modi- 
flcations la atm need for vknal obs e rv a tion of the prpmtnreooa at the limb. 
The dfaperrikm piece generally conriata d a multiple Aioci priam; the ada of the 
spectroscope can be moved In a dhnctkn parallel to the axle of the telescope 

1 Sraao. La Soldi 1, p, aao at saq. 





i ' 
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bo bb to admit* of tbo silt being set tangentially to the son's Hmh at any jw^Hnn 
angle. The spectroscope can thna be rotated through, all the position angks 
marked an tho graduated drde, so that, while the ilit renudna tangential to the 
atm's Umb, the whole circumference of the snlnr dlac can be 

The larger spectroscopes used with vertical or hcrisootal teleacopes for 
photographic observations are known as spectrographs. The eyepiece and 
micromotor of the spe c trosco p e are replaced by a camera, and a photqpiphJc 




Fig, 10. Ofai«Dthrs of 1bo Aroobrf solar law . 


plate In the focal plane of the telescope receives the real image of the sp ec t r um . 
The photographic plate la an indispensable complement to the eve, ow which, 
ea may be readily realised, it rwn a r i many advantages. With the spectrograph 
it is posable to the obaervidJana to the violet and red itdfdkn of the 

speotnzm which are quite invisible to the eye; long exposures with large dlapenlve 
puffins are also pnreihin Rowlahd's gratings, prim, or a combtoatiai of the 
two, provide the nnrn—iy (hspenkm; an arrangement in narnmon me is that 
with prisms ar grating used in connection with an snto-cnlttmating lens which 
combmaa the fnnctkna of a coUfanator and a photographic objective (fig. iS.p. 7?). 
TUs type of spectrograph la employed when great focal length is required, aa 
in the case of solar to w or m. 



i* 
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Otap. X G. Asxrn: Solar Hiydca 


3 . 


Aiaamlng the tigie of Incidence to be constant, the dbpendan of any grating 
la given by\ rfi n 

dl" bccmO’ 

wboro flfatbe angle of diffraction, l tbe wave length, » the order of the apcctnim, 
and b the constant of the grating. Thru for example In tho auto-colllmating type 



F%. ll. iSD4oot (SO b) Blar 


at ML wUacn Oteorvatncy. 


of spectrograph of the Mount WDaon 50 m aolar tower, the slit, in theobaervaUoB^bj 
room at the foot of the tower, admits the rays to the cnfflmadng lens of 2) mjrj] 
focal length at the bottom of a pit 25 m deep. Below the oolUm&tor is a Rowisndf 
grating suitably m ounted and ruled with about 620 lines to the mflh metre, cr 
a surface of 67 X136 ndlHmetrex The rays are diffracted bade through .1 
mlHmathig leia and form an hnng " of the apectnnn an the photographic) 


.. iLkiki iiili ll 
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cIobo to fclio lilt (fig. 16, p. 72). A length of about ana metre of tho spectrum 
can bo photographed with a single azpoanre an a scale of 1A «• 5 mm in the 
third order of the grating, and cm this scale the two lines 2^ and D % are abont 
29 mm apart. 



Fig. 12. Tb* B u is mi tuwvr at lbs Ai tmplipl al Observatory, Potsdam. (Fmmuca, 
Das Tnnntekahop dor XlMbdn-Btiftmg;) 


Tho tbocntical resolving power of a-(prating Is given by the well known 
axpcwfem*: dl i 

T" “ ear* 


where n is tho order of tho spoctrom and *H tho nnmhc# of the mUnga. In the 
roglon of the D Hnra in the third order, the grating montioned shove gives: 

il - 0,023 A. 

The width of what is known as the "normal silt" is given by ^ [where / is tho 

focal length and D the a perture of the spec tro graph], which in the Hioont WDson 
spectrograph Is 0£288 mmi In {notice for photographic purposes the width 
of the dlt is 0,076 mm, end for this o penin g Schusiu gives a factor of parity 
of 90%. Theoretically tbaefaro the Manat WHsan spectrograph of the 50 m 
tower cannot separate lines closer than 0,026 A, which is what has been found 
to be the in practice when the lines an well defined. 

, When it is desired to investigate a given snbrtance, and therefore a given 
spectral line, in different parti of the son's surface, the fine can be by 

means of a second sUt sod it can then be photographed sncceatvdy over the 
whole of the sun's snrfarr. Working on this idea. Hale devised an Instrument 
for this apodal purpose, known as the spectrohellograph (dph. i, p. 59). 


i Buy, Spectroscopy, p. 170 . Lcmdoa: IungnwM (1912).. 
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Qmp. % G. Aim: Bohr Hiyrim. 




A ipecinfaelbgni^i may bo described u an ordinary apoctroscop with 
a wwwnfi mi the photographic plate in place of tbo oyopieco. The imago 
of the aim ie mode to fall an the lint silt, the second sUt only admits a put 
of the spectrum whoso width la equal to the width of the slit. By moving tbu 



Pig. 13 . SIsvBftkM and plan Of tta Hamm tu ner. (Pkxunduoi, Dm ..Ulo*np dtr 

Etartdn-BtiXtang.) 


gecand sHt It can he sot to any one of Fraupeotr'b lines, lor azample the; 
Hot hydi ogen line, so that only that radiation can cm tor die silt to imprms As 
Image an the ph o togr a phic plate. By moving the whole Instrument so that 
its optical axis Is always parallel to itself, the whole of tbo arm's image is 
brought on to the dit hi succemfvQ sections, and a photograph of the inn in 
monochromatic light k thus obtained. TMs photograph is deariy the In tegration 
a i the whole of the solar disc by snoceMfo images of the tint lUt It Is ob- 
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8okr Bportnnppea, O pw immto tad 8pnotn*nllngraphi. y\ 

viooa that the anno molt coaid bo obtained by keeping the ■pectrohdkgnph 
flaod end giving the photographic plate a motion companding to the ration 
ol tho ean > e image acrooe the Amt eUt. The eon'a relative ration with respect 
to tho first aUt nraet be eucb that the light from all putt of the aolar disc ihall 
pea In nrrralon through tho eUt; at the ame time the plate bo given 



Vlf. 14. Codnetit U tbo 


r. (Turnsuni. Dm TnaWaup der 

StUtSDg.) 


a cocnepuudlng motion with reepect to the eecood aUt The latter only earn 
to ladate the req ni red epochal line, therefore lta wUth mot be exactly that 
of the line Tinder examination, ao u to —an** all light from other parti of the 
spectrum. 

The remarkable molts obtained by ttatj are a—nHaiiy dn« to Ida having 
need the H and JT-caldnm fines; theae are the moat intense Him In tto extreme 
violet -end of the spectrum, a region which la mfd*** to vJkuI obaovitioo, 
but wall suited. to photography. Tho S and K Hiw bib‘ particularly 

fitted for epectrafadHograme bene ire of their e»^*ifi i niandly and the 
pmenca of ^rl& dark bands accompanying «, which dhntirfA the 
pf tbaj C TyiHjm ^qftepectmm, and. also h—the onttnaxy photographic ptata 
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la extremely sensitive to their wave length*. The rajiM 
pragrwe In photography haa nsultcd in the mnnuuu*- 
tuns of platen which arc eonaitiyo to the rod ni^nti 
of tho spoctrum and has lod, with success, to tin* |JuiIih 
graphing of tho red hydrogen lino. Its Infernally uml 
the importance of hydrogen In aular physics lunt given 
ns notable and striking remits. 

Tho ipectrobdiograph was first do vised for the 
p ur poso of photographing tho prominences, hut hIIiit 
tuos have been found for this valuable adjunct lo I hi* 
equipment of a solar observatory. Before touching on 
thf n wo shall first deacribo tho standard types of *\nv- 
trobollographs. 

From what wo have said, spcctrohoHognipiM fall 
naturally Into two chums; In tho ono tho instnnisiii 
Is movuablo while the son's imago and tho phntngrniilih* 
pUto are fixed; in tbo other tho spoctrohollognqNi i>> 
fixed whCo tho son's imago moves acron thir find hHi 
and tho photographic plate moves with stmulluiHiKis 
motion acrose the second slit 

In tho first typo of instruments, snob as tlnw si 
Catania and Potsdam 1 , the imago of the sun fulls i hi 




Fig. 14 . Hoad of 75 -tot spMtngiapfc of HnijO^ftnfetowtsknms atMt. WDsoashowim 
pWs-haldac; p n h uWig s g a ista s xaomntad sbovo dit, and paxaDol motion dark® wm\ hr 

Motsdqg solar imago. 

1 MsSrh dsll a BDs h m ^(Mpatl»o*cqpiatHtal, ML p. 125(1909) ml Apj2l t p.4P(10Uflt 



c *P h * 5* BoUr SpootroKop m, Spootn«npfcs and apsotrefcaHagnjAa, ^ 

tho first slit Sj (flg, 17 ) and thence on to tho cofliinating lens O x which trajw* 
mlta parallel rays to tho prisms or grating. In the case of prism*, a mints' at 
F reflects tho reya on to the two jrisnu. The photographic lens at 0, miwt* 
tho disponed beam and an imago of the first slit Is formed on the riane of the 
■ocand slit S» which isolates tho radiation under investigation. Tm—>h dinv 
akm is obtained by substituting a grating for the mirror. 

In tho Potsdam instrument a grating is nsnri instead of prisms, with a 
mirror and a total reflection jrism so arranged that the n yg mA«, 

on angle of 30 ° with tha optical axis of the photographic objective. The ipectro- 
holiograph, which is fitted In a frame attached to 
tho oyeplocc, is moveable um the axis of the tale- 
scope and its motion is regulated by a clepsydra. The 
Gkuhb refractor, naod with tho speetzobehograph, 
has a focal length of 3,2 m and gives an image of 
the son of About 30 mm in dlametff. Tho length of 
the silt and the aperture of tho objective are 45 mm 
cadi, and the focal length of the camera is 600 nun. 

The total lateral movement of the apparatus la about 
6 Q mm. 

The second type is exemplified by tho Rokbqsd 
apectroheliagraph at the Yokes Observatory 1 naod on 
the 40-inch refractor (flg. 18 and 19, P- 74 and 75). In 
this instrument a uniform motion in right ascension 
given to tho telescope causes tho son's imago to tiavera e 
the first slit, and at tho —mo tima the p hnt n gr m phle 
plate la made to move aana the second slit; electric 
moten supply tho neemory motion. Each of the two 
slits measures 203 nun in length and they thoefare 
take in tho whole of the sun's image of about 
200 mm in diameter at the principal focus of the 

objective. When using such tag ants the jaws must be suitably curved In 
order to ccnect the curvature of the lines and the cooMuent distortion of 
the son’s* imago. The iwri—ry curv a ture can be d ete r mine d theoretically 1 
and also experimentally by photographing the sp e ctrum with the recood riit 
wide open and mraanmig tho c u r v a tur e of the lino which It is desired to use; 
tho measured curvature la then divided between the first and second slits. Is 
onta to avoid further distortion of tho sun’s Image It la > intis! that the dlrectta 
and rate of hwH ** 1 applied to the photographic plate he the —nw gj that of the 
inn’s image; the focal lengths of the cofflmatnr and photographic objective 
must also be the am The light rays from the colHmatar are r efl ec te d into 
two irisms by a mirror pouts produce a total deflection of 180 *, when the 
prims are art to minimum deviation lor the fine under examination; when 
greater dispenion is required the miner is replaced by a grating (fig. 19. p. 75)- 

Experhnental trial and Hichkuo)(*s theoretical investigations" indicate 
when prisms only or prisms and a grating should be used. MIchklbow has shOwn 
that the contrast-in the Image increases up to a certain paint with the iesolvihg 
power us ed, and is dehmined by ew ly i n carkfitiona the principal of which 
la the width of the spectral hue. Fox the. calcium Hues a relatively tar resolving 
pow er is sufficient to give the beet results, and it la probable that the dispecsta 

*PsU Yacta Obs,p.l (19033- 

• ftwsnrsi. Dim Bp efctirian mly dor Gastires, p, 16 . Iripdf 18pa 

•ApJ 1. p.i (4895). 



Hi 17. THsgrim of *xc- 
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^ Chap. 1 c. Aa*m: War l*hjr*ka. 

bat adapted to thou Hnea fa tbit given by the two 60° priam* wort In tbo Rdmkwii 
P risms pom certain advantages over grating, but at tin 
SMtotSypow* elaodiiadvantigcs; they give a brighter npoctrnm which 
rendai tto A^ndXaldam Urea visible and tho diffnacd light In also km than 



with a grating. High d hp a rri on k nccoaw u y when tho min la photographed 
with the absorption Hues of the a p o rixum (tho H and K line* uxcoptod); thmu 
give monochromatic images hecanm they am only dork by contrast. 

Tb euauiB that the ■prctroheHngranhio imago* really rupnxmt the gn» 
ar vapour prodndng the tine* It la e—anal that tho dlaponkm bo nffldent In 
prodna a fine wkkr than the aecood dit, otherwiao light from tho cantimnua 
s p e ctrum on dths aide of the dark ttoo will affect tho plato and ao lead to 
eoaneon* condnalco*. For thk pmpoae ano ar two prisma ore not sufficient 
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Bokr Spectroscopes, Bpertnjptpbi and SpMtTOhoHognpbs. 

to provida the n mwrer y dispersion and a grating becon^s necawry. The 
grating uaod to replace the nW In the Rdutohd spect rehrilogra ph is ruled 
with 787 Unca per millimetre over a surface of 66 X 95 mnu line of the 
Ant ardor of the apoctmin ran be made 
to fall an tho centre of the first prism 
and therefore to pass through the two 
prisms si minimum deviation, so that 
the dispersion given by tho two prisma 
is added to that given fay tho grating 
and thus the dtrfnsnd light from tho 
grating is reduced to a minimum. 

It is moat important that tho spec¬ 
tral lino under investigation be set 
exactly an tho second slit; various 
means have boon devised far this pur¬ 
pose. In the Ruurosn spectxuhelk>- 
graph a suitable eyepiece with a mkro- 
moter is mounted on tho sKood slit 
attached to the omen and Is move- 
able in a direction p^J MnrHrnl«r to 
tho slit Tho eyepiece fa focusaod on 
tho spectral lines visible through tho 
fully opened second slit, the grating 
or mirror fa frhwn rotated until the 
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pHng W q( tlw 

Hsood qiWfrr ph eUngiapfc . 


The 


desired line falls on tho slit and the micrometer thread Is set to the Hue, 

•Hi is thim rjn a wi and aot to the ndcruKDotor thread. 

The Show telescope (dph. 4 , p. 62} fa fitted with a spectreheHograpli of 1 52 cm 
focal length (fig. 20 and 21 , p. 76 ). The two sHts am each 21,6 mm In length. The 
■econd aHt fa moveable Independently and can be set to sqy line of the spectrum, in 
tho centre of the field, by rotating the optical train. SHts af-varioos curvatnm can 
be fitted to suit the dispersion given by two cr four prisms, and alio to suit different 
spectral lines. Whm the ebremosphere or jromiiuDceB are bring photographed, 
tho light from tho sun's disc is cut off by means of screens of suitable sixes, there 
sre seen an tho right of the fig. 20 (p. 76). The objective of the coQhn&trr and of the 
camera are astrophotograpmc, each of 20cm aperture and 152 cm focal length. 
The dispersion piece consists of one to four prisms of Jena glare with a surface 
of 2i X12cm; tho general arrangement with four prisms and the path of the 
rays fa shown in fig. 21 (p, 76). The frame which curia the silt and the optical parts 
of the spectruhotiagrapb moves on steel balls which run cm V-shaped golds; 
motion fa supplied by a one horse-power electric motor, end the weight of the 
moveable puls, which, exceeds 600 hg, fa balanced by a mercury Wonon 


advantages of the Show ipectraheliognph over the Rdhvckd are: 
the large aperture of the cnIHmatcr and of the photographic objective which 
prevents lore of light from the son's limb, the facility with which the whole dfao 
am be photographed with high dfape ra tve rower, the convenience af inter¬ 
changeable aUts with different c ur v at ure^ ana the eare with which one cr mere 
prisma cam be brought into use as required. A further advantage fa tint there 
fa no tiang wr of ti fa t orHcw of tbe sun's image from lore of synchronlm in the 
motion of tha ward* image and the photographic plate. 

Piiitting the sanm line of reaeazch Dxslxxdhss, at the Astrophysics! 
Ob ser va tory at Meudonnere Parfa, devised a rimflar instrument far the study 
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of the Ian’s monochromatic radiation* 1 . Using a widened second sUt ho obtained 
photographs of the sun’s disc showing a smell portion of the spoctrnm an either 


fr 

' i 



FI*. 20. The flvs-faot ^Ktrofastiqgrvph mnsntad for mo will) tho Bnw brioKopo at 

Mirant Wilson (*Ut end). 


side of the lino under examination, with tho object of recording any defacement 
of tho ttno dno to movements of vapour in tho Una of sight (Dopplkr effect) 

or to other cutises, and also to 
record any other changes which 
tho lino might undergo over 
tho son’s surface. Thu pltoln- 
graphs woru obtained by divid¬ 
ing tho sun’e imago into a 
number of sections, and photo¬ 
graphing each section by giving 
an intermittent and elraul- 
tinooas motion to tho sun’s 
imago and to tho photographic 
plate. 

Tho instrument asod at 
Maadon for this purpose is 
called a "velocity ructrdrr" 
by Dxauutmzxs (fig. 23). Tho 
sun’s imago is proclncod by a 
20cm concave minor of 5,60m 
focal length, which receives Hgfat 
from a coelostat. The fo cal lengths of the collimator nnd photographic ob* 
jeqtlvfc an BO an and 3,50 m respectively, and dJapnlon Is provided by a 
1 Awndm d* rOLravaiubi (TAstranomk fhjdqm do Pork. 4 (iptaj. 



Wf. SI. hm|uwt with four prims Is 
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Rowland grating used in the fourth order, or by a train of prisma, The sun's 
Image, resulting from the optical system employed, la 140 mm In diameter 
and therefore 140 sections of the solar surface, one mUHmetra in width, 
can bo photographed In a given portion of the spectrum. The spe ctr ograph is 
fixed, and to obtain photographs of tnccoarivu sections of the solar surface, 
the objective and the plate are moved simultaneously. The motion given to 
the pinto and objoctive must bo discontinuous, contrary to what la wmH«l 
in a spoctroholiagraph. Goan of various ratios anahlw each soctW to be photo- 
graphed to rocdtve an exposure of from 1*5 to i&,S: tho interval between 
two exposures is reduced to 1 B ,5, 


i 



Fig, ax BsdlaPnkidty i wder o( Obufiluv at Msnrtco. The obfeoUrehme and 
the plate In boot of the aeooed allt have diemillnoea and rinniltanacm y» w w—ntt 

Another i n strument in use at Hendon, designed by Dplaxdwm, la the mul¬ 
tiple apact ro hc H ograph (flg. 2J, p. 78), which rrmrists of four apectrohallagraphs 
grouped around the subo objective and codmatar/and which can be used with 
prisma or gratings. The instrument is housed In a died open at the north and 
south ends; at both ends two coclostats reflect the sun Into the spectroheHograph. 
The objoctive is of 25 an aperture and 4 m focsl length; synchronised electric 
motors supply motkxi to tho lens and the plate. The object of this arrangement 
is to obtain aim imag es of differe n t sixes In the light of any of the Hn— of the 
spectrum by nringdtifermt dispersive powers. Of the fottr spoctrohehegraphs the 
largest Is erf 14 m focal length with throe rifts, and with It a large number erf 
faint dark Hoes can bo isolated and used. 

■The spectrograph and the spoctrohetiogrnph can be combined in the *»"*» 
instrument as, for example, tin one In use at the Arcetri solar tower (E, fig, 8). 
The BpectroheUagraph is af the seme type ss that in has with the Snow t e l esco pe, 
that k the instrument is moveable, whQe the relative poritions erf the sun's image 
and the plate tie fixed. The two rilts A and B @3g. 24 and 25, p. 79)are fitted to a plat¬ 
form which can be rotated about a vertical axis, and can be ipoved horoon- 
tally with uniform motion over a apace equal to the diameter of the solar image 
{17 cm) produced by the vertical tewope. The plate carrier C (fig. 24) can rotate 
with, top platform* bat is not affected by iti harkautal movement. At the 
lower end af the name are mo unt ed tlw two objectives D and E erh of 
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150 mm aperture and 4 m local length, olio the mirror F and the grating G, 
The son's Imago falls on tho first slit at A, the parallel rays arc njfleeted 
by tho minor F on to tho grating G, tho lotto reflects thorn on to tho ob¬ 
jective £ which produces an image of tho spectrum on tho plate; tho occond rilt 
in front of the pinto isolates any desired line. Tho minor below tlio objec¬ 
tive D can bo moved from F to F', thus altering tho angle of incidence on tto 


a ;, as. vautnpfe y « aJTOkf rmph at the Oteorvotory si Hoodoo, Four ipooin* 
taftapfas «i oaahfcad inrad tie mom ntnuoaical obJsotlTo awl ooUhnmtar. Tho 
t pwlrn Miy^li aI tfcra imAim with prints (loft) and tho ipsQtrotaalkf(rai4i of ttnu 
uMtrw (right) ora ready for m 

paring, and therefore the ettapandon. With the mirror at F tho linear acaki on 
the photographic plate given by a grating with 568 ruHnga per mUHmoter la, 
for tho first order, t mm ™ 4*4 A, and with the mirror at F\ 1 mm ■■ 3,4 A. 

When tiie Instrument la ruled as a spectrograph tho i w w nl slit £ and tho 
p la te carrier C are removed and the latter la replaced by another carrier (C in 
fig. 26) which f a ta l platee 40 X 96 cm, ao that a spectrum 36 cm in length can 
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bo photographed la one exposure. Tho focal length of tlm spectrograph U 4 m 
witi the dfaperatan already me nti oned. 

An ate ctrk m otor, seen on the left of flg. 27, transmits tho required motion 
to the spectrnhrHngrapta. by means of bevel gearing. Tho iquctiuhcllngrapli am 
time be rotated about its vertical uds around the cast and wait dlruction tlinm^b 
an angle erf ± >0° ao that at all season the silt can bo always nut purncnrilctilar 
to the son's equator. Coupled to tho motor is a tachometer which liullcatca tlto 
rate of motion applied to the spectrdhdlagmph; thin vnrios from 0 to 25 nun 
per minute according to tho gear used and the speed of tlio motor. 



F%. 36. aids fenilfa* ndptaioftiu 
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The spectrograph In the basement of tho Eimmnir tower la arranged Inal* 
eo^alty and has two dispersion moans. One is a nlano grating with luitu* 
coflunator and a focal length of 12 m, which gives adhmorrinn of i nuu« 1,3 A 
In theflnrt order of the sparfrum. Tho other, modally dorignod fiw ntullar wort, 
coautarf a double prism of 66 and one of JJ® with altvorod back and nn auto* 
lens of j m local length (flg, 29 u. JO, p. 82); the diupcndon In: 


1 nim —1,7 A up to 4200 A 
1 mm -> 6*7 A up to 5900 A. 


m tada of pdsms withithojcoPhnalBc can be swung aaldo when It is darircd 
r 1 * J**™ 1 contains also a complete physical Jabcmtay. 

x.- "■* gnat rtrida, tnd li extonrivol? Mod 

for stodyfng monoc hromati c images; vfaoal observation has also Its advantage^ 
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far example, rabidity of obeffvatkm, tod delicacy of the detail* nwuUxl. Vbraul 
obasrvatlon d the prnmioaioea 1 b itQl undertaken, and recently Halk following 



Fig. 39. Prfcrm fihngiei* d the Bnaram tow (front yimw nf agHmaUr, anm low 

■ad pAwe). 

up mggestkma by Jinan, Loom and Youkq, cnuHlruchal n Kja'ctnjhuUo* 
■cope 1 far the ipedal pmpaee af gambling vlraally tin Hilar plk'nnmma In 



tr 
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Fig. 30 . Piha^iKtz(«niih af the Bnnmi toner (Ale rtew)> 

monochr omatic tight. The nggstJaa ms to cuibo the sHt to oaefflato or rotata 
■o u to render the pranfaencai ▼Whio, hot fa later devtlopnontB tin open 


1 W * h Net Ac- Poo to. * jfif (I9M) ead Nahum, July 3, ipaO. 
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silt was adopted. It occurred to Hals to apply tho original Idea to the ipectro- 
heliagraph by making, not only, the Hut slit to oedOate rapidly bat also to 
make the second oilt oadUate as wofl, the motions of both silts being synchronous, 
and by setting the latte to 000 of the lines of the spect r um , my Ha, to obtain, 
by the pendstonce of vision, good views, not only of tho procdihencee bat also 
of the dark and bright floccnll projected on tho photosphere. This idea has been 
embodied in his Solar Observatory at Pasadena where tbo vertical telescope and 
the spoctrohoUograph am of tho typo already described. The two slits are at the 



Fig. 31. Upper and of Hack's afaUnsd apaetrahalkwcopa, s p e ctrograph and ap ee tro - 
haUagrapb. Hie cwnflkfcbqg attt-bar and bfaunlar synp *» may be aeen near the 

middle of the Ins tnn oe ni 


ends of ahorkantal bar which oscHlatas, nsaally throaghaspede of needy 7* cm. 
about a support midway between them (flg. 31 ). Since the optical parts ire so 
arranged that the second am constantly bis ec ts the spectral Hne under ammin at lon , 
which slaoaedQntas with the twosUts, wo have a monochromatic o p e nin g */■ cm 
wHe through which the solar surface can be examined with a suitable eyepiece. The 
speed of the motor which smiles the oariTl sting motion Is regulated so as to 
give a pendstent Image. The length of the ap ert u re Is shoot one centimetre, 
■n that m. canslderahle p ffH ff iof flwm 1 * imag w $ m i" djaroeter, *n bo g mnjned 
at one time (flg. J2, p. 84). The dcHcate str u cture of the detafls which are thus made 
visible, and the fsssMBty of making obearvatious in the vazloos parts, red or 
violet, of a given hne, enables the speetrehelloKqpe to be used as a guide to 
the spectrolnUograph. 



6 * 
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Fig. SSL Pkn of Bau'b ^ a nhuhnH oaeppa. Tba arillitln alit-bw. mnuntad an a bmiisg 
mormbla by tha atannaabar bbw mi tha c ifc ri d tha photoaniph. la drlTta by a 
motor at Isa felt (itamra hi flf. 31), Tlia obawitr look* throagh ibo Unoealar ayapiaco, 
wtriab la Innoaad on tba wand aUL Tha 18-faich aonnve mirror ol tho Camefxmhi 
reflector, tha driving mnrh aa hm and aUdlag phMiold* of the a po ofa ohaHogrnpli and 
tho bottana lor rinrtria may aho bo nan In the flgem. 


c) Visual and Photosraphlo Observation of the Sun's Surface 
and Inferences therefrom, 

6 , Structure of the Surface, Photosphere, Granulation, Spot* andFaculaa. 
Tho luminous dbc soon with the naked ope, or in photograph*, la the projocttoh 
of the globe of tho sun and la oiled -the photosphere; Its luminosity docreuoe 
rapidly from tho centre to the Umhe. The canse of this docroadng brightness 
may be due to the pnaence of on absorbing aolor atmosphere wboao aheorfalDg 
power lncreasa towards the sun's surface cm account of increasing dendty. 
It la evident that die light myi omit tod by a fi—Hai body, surrounded by an 
atmosphere of a given depth, travme a loser depth of atmosphere when they 
emerge perpandtcnlaiiy, than when they emoge tangentially, to tho surfaco; 
ao that U the atmosphere Is of shMsUng light, tho parpcndkmlar rays 

from the centra of the body offer leas absorption, end are thereum man luminous 
than, the tangential raya, In tba case of die ™ tho iwaf dm ctroum- 

fenmee is so marked that only about 13 per cent of the vlolot rays are transmit tad; 
tho percentage of the bine, green, and yellow raya transmlttod increases pro- 
gre^vuty up tn about 30 per cent In the cud of the red raye. 

The snoothua of die sun's surface la frequently ma n ed by tbe promote 
of spots, while at dm edges, over mace or leas exte n d ve regions, fagtibm of great 
brflHancy may be seen (fig. J)), A. careful sxazninatloD, visual or photographic, of 
tho photosphere under favourable atmospheric reveals a well defined 

alrnrture known as granulation, The generel ippeennce Is of munorous sucU* 
projected on a dark background, which light up tho whole photoaphoe, Tlie 




atpfc. ft. Structure al the Surface, Pbo famp hnra, Gruuktlaii, Sputa and Ftanlu, 85 


nodal ahow up in strong contrast with the background which, though luminous 
lu itself, isrulutlvdy dark in auupariaan with the nuclei. Granulation is better seen 
in tho centre of the disc; at the edges, whore the emerging rays Ion much of their 
light because of thdr inclination to the surface, the bri^tnaa decreases rapidly. 
Tho nuclei are usually round, but in the neighbourhood of sunspots they become 
more or leae oblong; their diameter never exceeds one esconxl of ire, Thdr 



Flf. 31 PhotohaHofram of the mu, Angntda, 1917 (Blexuav, ML WDjqb). 


tMufamea apart ia generally the aune as thotr alie, but when they am near to apota 
they are sometimes so dine together as to hide the darkar background below. 
Granulation is so diverse, and its visibility so dependent on atmospheric enn- 
ftirinrm, that a study of its variations and of the movement of the nndeiis rendered 
extremely dtfficnlt, bothvisually andphotographlcslly 1 (flg. 34, p.86). Photographs 
of the sun taken under favourable conditions ahow what J Amaru called the "photo- 
spheric network", because the photosphofe does not appear to be uniform but 
has the appearance of a number of detached groups of granule!. In the spaces 


l A. w*mw , lliBiTrail das gnuraka nr la artka dn add. MHialL Pnlkuw, 
3 , Kb. al' (1908). and SL Qnvaixaa, Abide pfaotnfffapMgaa da la p hrtraphhm arielxe. 
AnniUi dfl roha. & Xfrak B (1913). 
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laL we an t fown groups nor.lrl of variouB sixes arc dartJnctly visible, bat In the 
groups tfw node! axe elthor distorted or only partially viable; often 

they altogether end give to streaks. The distorted nuclei ere 

nuro or lea round, but at tins they assume polygonal shapes; the diameter 



Fig, 34 . Gnuudatka ol the photaqfam t»k*n at tba 16-4 Observatory nn 24* July 1900. 

at tlw gr o ap s vnfai conddenbly but Is often greater' than one mlnuto of arc. 
A w* 0 ( this dtatnrtkm la that the light nya are subject to 

dbturbnca as they pea through the tomtrlal atmapbere. In a tolcecopo 
the suq'i limb la always seen a In outUno, duo to the continual changes 

in the layer* erf the tg re stria l stmoaph er e; banco the dlaturbanca which affect 
the tight from the edge of the sun moat also affect the rays from the whole of 
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the son's surface. The varying relative brightness of the brighter and darker 
portions of tho photosphere may also be partially doe to the effect of condensation 
of the gasea anti vaponrs in the photosphere, which, as we shall show later, is 
revealed by the spectroheHograpa. 

There are often spaces where no nuclei are visible and the appearance is 
that of small dark specks whose hnninodty is the same ss that of thrirbackground. 
ShnnlH th«f> specks increase In size, their cons becomes considerably darker, In 
fact entirely black; each specks are called pores and are nothing more than snail 

sunspots. 

Before pnalng to the study of sunspots we shall briefly describe the taeniae. 
Then appear as streaks of intense brightness extending far thousands of kflo- 
metres over the arm's surface, often in the neighbourhood of spots. They 
are readily seen near the. edge of tho sun where the photosphere Is leg bright; 
there they show up more brifflantly by contrast. Their form la ramified, and 
they often chang e their shape in a few hours though they may remain in the 
■mw pod don on the sun’s surface far weeks. When men an tho edge of the 
sun they appear to be raised above the photosphere, and they may therefore 
be defined as bright st reaks of irregular rammed ferm existing above the 
photosphere. If, is observation tends to show, such is really the care, their 
light p—es through thhmw and leg <Whm layers, and therefore they log leg 
of their Hght by absorption thu dog the light from the lower portions of the 


photosphere. 

7. Sunspots, their Life, Variation in 8hape and Level. Observation, shows 
the birth and typical development of a sun spot to be as follows. Several small 
pares coalesce and generally farm two large spots; the preceding spot, or leader, 
k as a rule the more compact of the two and has a great* motion in longitude. 
Gradually a bridge of smaller spots unites the two spots; the bridge soon dis¬ 
appears and with It the following spot. The leader then s swimiw a circular shape 
and gradually riimtnidig In size and dlssotvg finally into a numbs d pores 
from which fresh sunspots are frequently reproduced. The duration of the spots 
k very variable, some last for a few hours only, others sze virihla for months. 
The on of the spots la also very variable; during periods of solar activity a 
nuefcm of over 2' has been measured; this means a diameter of about 90000 km, 
seven ti m es’ that of the earth. Such dhnensfozui are however comparatively 
rare, Did a sunspot whog diameter, inducting the penumbra, is 50000 km 
is not of frequent oc cur r en ce. Probably the largest srmspot recorded was seen 
In 1858, it was 2)0000 km acreg, 18 uma the diameter of the earth. A spot 
of about 40000 km is visible to the naked eye, and numbers of these ere to be 
mm during periods of solar activity. Spots are usually round, but the lorgir 
■pots are of extraordinarily complicated shapes, often com po se d of smaller 
spots and pares. 

Hsch ‘completely develo p e d spot consists af two parts: the umbra, the 
iuner or crotnl portion seen as a un i fo rmly dark surface, and the penumbra which 
s urro unds it; pores appear to have do penumbra, but when they do it is almost 
negligible (fig. 35 , p. 88). Granulation around the spots dtffen from that in other 
p]nrm on the sun's surface, it is very dang and the nuclei are larger and ns eked 
mare closely together, so that the darker background is often completely hidden 
and the granulation is hardly dfooendhle. The co ntra st b e twee n the hrminom 
photosphere and the penumbra la most marked; the background af the penumbra 
bdarkeff and the nuclei are elongated and are grouped radially towards the ce ntra 
of the spot with comparatively large intervals b e t wee n , they end as abruptly 
as they begin. In the centra is the uniform ly dark umbra, which however b 
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only dark by contrast, forite llftoU actually very brinJsntMflg.) 6 ). This 1 * easily 
verified by tho trandt of one of tho inferior planets, Venus or Mercury, hctoob the 
son. The planet's disc prasantod to the earth la actually qnlto dark, bat its appar¬ 
ent brightness is the result of Hlainln&Hon by the earth*! atmcMphero by reflection. 
This apparent brightnaa h coosidnrehle, bat the brightness of tho nmtn im 
much greater, and added to Hi own tight is the light reflected from the terrestrial 
atmosphere. The numeroos estimates of the brightnese of the umbra as compared 



51*. 35. Baapot photographed at Booumro, 16“ July 1905. (Hurur.) 


with the photenphero diCar greatly and vary from l / u th to y m of tho brightness 
of tho phntbsphve. In large spots a bright bridge often Bppeaxi acres tta ombre 
t%. 95). An mrplsnattnn of this, baaed on BpQctroheUographlQ observation will 
be given later (dph. 12). 

It must be bame In mind, when studying their trno shape, that tho snnspota 
are soon an the sur f ace of a sphere, and therefore their ap pe ar ance varies with 
thdr p osi t ion cm the surface. It mvt also be noted that they are probably not 

1 Gslllto lad sbaidyiijtsdlhb In htafbatlstiv to Hsian VKLimgiMstfaiiliMP. tarn* 

.Hi obwatian (Bdb. Kkl Opera. V, p. 97) i n snxl rtimo dm lo Vedirte osl kAo 


__(hi nriW lm S _ 

abe Is rimnonooBiBaD laeldt done ptt lnnlacM psrti ddk has, qnsnd'mnohfl II solo da dbsfe- 

j* *”^* * **■ * • 1 "P* 1 BDBn in the urn to be, not only lea dark 

tibn &• d«A patches mm ia Mm mam, bat to t« not las teigM tiun brightest mrte of 

tbs noon wbsm tally msafaHtad by ttw md .. . w 


* i i 1 
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plana objects in two dimonriniM, but in three; the problem thaefore resolves 
itsdf into determining their form and level on the «nrfarw of thw photosphere. 

In 1774 A. Whbok of Glasgow was the flat to notice that when a spot Is 
in the centre of the son's disc the umbra and penumbra are circular and con¬ 
centric, but as it approaches the limb Its shape changes. The umbra, as well aa 



Fig. 36. Gnwt maput gawp, photngrsphad at IQ, Wlkoo, 8* Angst 1SM7- 

the eastern portion of the penum tas, grows amallnr, while the western portion 
turned towards the limb also decreases, but at a slower rate. Near to the edge 
of t^o the umbra disappears altogether, and a fine streak la all that is pwi 
of the western potion of the penumbra; the whole spot is reduced to a dark hue. 
On the r e a ppearan ce of the spot on the sun's eastern Hmb, 1J days later, the 
whole phenomenon is repealed In an inverse order. The simple rnnrinsk— 
which Wmcnr quickly arrived at were, that suuspo t a are funnel shaped and 
situated at a lower level than the photoaphoe, that their depth can be measured, 
■tm! the in their dupe is to perspective 

In tig. )B (p. 90 ), CS la the vlsn a l tine dire ct e d to the centre of the arm; Oat the 
Hue from the edge of the spot when the eastern portion of the penumbra has db* 
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Appeared owii^ to the motion of the spot towards the limb; CZ a lino joining 
m and the centre of the son. The angle S C Z la known and hence its component 
tax Tbo width es of the penumbra is that measured when the spot Is central 
4 ml the son, and assuming that it does not alter Its shape in moving towards the 
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rw. 37. Vuistkw hi ths Oispa of spots Ant noted by 
A. WiLioor. 



Hmh, the triangk sis gives the depth b* of the spot. Wusox found that the 
depth, was shoot ano-third of the earth's radios; this has since been canfinnod 
by ffmrHiT, SxccHij Tacchuti, and Chxvauxr, slthough aovaral spoti have 
been observed which do not confirm to Wilson's observations. 

Wabbsh ds L4 Rot, (Hamming the ofaswatiooB mado at Kow, fimnd that 
oat af 89 ramol spots, 72 agreed with Wilson's theory, but 17 did not Che- 
valzsb after a long series of observatfoos made at Z&A 1 oonclndod generally 
that spots are dopremkms at various depths of the photosphere, bnt that on 
tbs avenge they ere at a km depth than that fimnd by Wilson; that is that 
the depth enlctan exceeds i" a 750 km. If, in the majority of cases, sunspots 
sra reel cavities, a depnmkm nan or km doep, depending on the rise of tho 
■pot, ihoald be am when they ore an the limb; this has actually bran ofasarvod 
by CAsnKi in 1719 and by others 11 . Some spots howevir present an Inverse 
phenomenon, «id therafrn it cannot be l*ld down es a gonarsl rule that tbo 
umbra fa st a lower lovel than the photmphece. The hypothoris has bran put 
forward that although the umbra is a depromkm in tho panmnbra, yet both 
umbra and penumbra are at a hlghor lovel than the photospbrae. Wo shall show 1 
later how the spectrosco p e mshks the levels to be dotomdnnd with greats 
certainty. 

B, Determination of the Coordinates of the Various Phenomena Visible 
on the Sim's Surface. Heliograph 1c Coordinates. Tho early o b a uivms had noticed 
that the sunspots, famlsn, and other phenomena, spearing an thosolar disc, move 
from cast to west in circles parallel to tho son's equator, and that when they 
develop on the invisible hemfaphse they their appearance on the eastern 
limb, to d is ap p ear an the western. Sunspo ts af dimensions hava 

often been virible dnring several rovohitloos of the son, and from thdr appearance 
■nd iifefpMriTii* it each revolution, it has been mwrindqd fha* the period of 
rotation is shoot 27 days. Thfa period rop r units the synodic, end not the true 
period, because the earth mov es forward a certain distance in Its orbit dnring 


1 Annstas ds l*Ot— 1 laluifi ds Z6-dk, ll, p, BIO (total, 
s Rtcst, La SofeU, 1 , p. 74 st ssq. 
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the time the son po rf anns a revolution about Its axis. The true period Is derived 
from the synodic period by tho expression; 

i i i 

?~'B *"5 

■where T Is the true period, E the length of tho year, and 5 tho obrerved synodic 
porlod. Substituting J65*.25 for E, and 27*,25 for 5, the value of T Is 25*.35. 

As In the case of the earth, tho son's poles are the paints wfase the »dar 
axis cats the surface of the sphere; the north pole is that pole which, scon from 
the earth, is directed to wards tho north of the celestial sphoe. Analogous to 
the earth, every plane which contains the solar tads is a meridian plane; and 
the great circle In which that piano cuts the solar sphere Is a meridian. Any 
m e ridian which, at any given moment, divides the solar disc Into two equal 
ports can be selected as the meridian of origin, or sere meridian/ from which 
the heliographic longitudes are reckoned, east or west Except far tho two 
poles, there are no determined or recognbahk marks on the sun which determine 
a meridian, and therefore a fresh zero meridian must he setlrctrd for every series 
of observations. 

All planes at right angles to the son's axis cat the sphere in dicks which 
are parallels of latitude, bat the great circle traced by tin perpendicular plane 
iriildipuas through the centre of the sunk the 
solar equator. The equator la Inclined to 
the odlptio by an angk of shout 7"; the terre¬ 
strial equator, as Is well known, makes an angle 
of 23 e ,5 with the ecUptic. 

All data relating to the sun's revolution, 
except perhaps those obtained sp e ctr osc o pically, 
can only he taken as approximations, because 
the spots, and other phenomena used in the 
attempt to determine the period of the sun's 
rotation, are sot fixed on the solar snrface 
but are frequently observed to have a consi¬ 
derable proper motion of their own. 

Sunspots do not move boos the solar disc 
in straight fines an account of the fading Hnn 
of the solar equator to the ecliptic, bat they 
describe ellipse* which ere the athagraptdc p roj ecti on, seen from the earth, of 
the solar psrafkls. The spots are men to move acrora the dkc in straight fines 
only when the earth Is at those opposite points In its orbit where the ecUptic 
cuts the son's equator. Except at these paints, the sun's axis Is always indued 
to the ecliptic to a greater or leasr degree; the tnefination varies from 0° to 7°. 

In pddfttfm to Its inclination we have to ennshw the pndrtnn of thw 
sun's axis. A great drek passing through the cekstisl pole and the sun's autre, 
gives a north and south line which k the reference line for the position angk of 
the sun's axis. To find the preltkxi angle at any time, the tnrftnarinn of the 
sun's nriw to the ecliptic and the indination of this earth's most be known. 
The lncHnatior of the solar equator to the terrestrial equator is 26*25', and 
the two epochs on which the inclination of the son's sxls k 0* oc c u r early in 
Jane and early In December, that la when the earth croon the plan** of the 
sun's equator; the sunspots than eras the flfaw* In straight arid the son's 
equator k a disn^t® of the apparent disc (D std 4, fig. 40, p. 92). Between June 
and December the sun's north pole is directed towards the earth, and but we un 
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December and Juno the south pole. The two epoch* when the position angle 
of tho son 1 * axis 1* 0°, that 1* when the sun's axis lies in the hoar dido (or 
celmtlal nwridian), occur at the beginning of January (fl) and the beginning of 
Julv Wfl. Between January and July the sun's north polo is mat of tho coinstinl 

meridian (C and D), and 
. jyi N . oast between July and 

.V _ ■ _ „ January (F and A). The 

-3k. maximum deviation c&st 

/ f _.Xm I OT wwt ia 26°25 f . 

r 7)11 Tho Nautical Alma- 

l y/ /jtHI \ ^V nac “d tho Handbook 

of tho British Astrono- 
mical Aaod&tion publish 
•T '' Jl ^ every year on ophomorl* 

y y *| V^.—*—for tho physical observ- 

vr" atlons of Uio snn. Tho 

/£ ^ s -s Si ^k *[ .3k position angle of tho m>~ 

l nil x/fljl 1“ uia, its incHnation 

L. ^ Ss J//l \—* ~sJ]t ( ot !■ tl * 0 aamo 

yS . > v}y V thing tho bdlogranhic l*r 

\fcgj§pr tftudc of tho earth), and 

/^J lj J the haUagruphlc longitude 

PI,. 40. Mtta. at *. e*. ““5? con . tro , ot , 010 

ora given for interval* of 

five days. 

Tho problem of detamining tho elements of the sun's rotation and of 
deducing the hellagraphlc coardmaies of any given phenomenon from thaeo 
dements has been investigated by many obearven, bc- 

Sr -f-E-i- iff ginning with Chr. ScmmntR 1 . 

\ I ) Tho hoHographlc longitndn end lntitado of a son- 

\ \ j J spot can be obtained, for example, from tho formulae 

\_ V/ given by de la Ruk and bis collaborators*. If r bo the 
nr distance of a spot ton tho sun's amtro, R tho moa- 
1 sored radtus of tho son, R! 

I /— 1 tho sun's somldlainetar as 

I / n N. given in an ophenwris, and p 

j / / 7 \ ai) d Q 1 tho angular distances 

I j m^.ML \ of the spot M from tbo contra 

I 7JW ^*^4 tho apparent disc, as soon 

I "■Peettoy ton tho mm and 

T" V 7rr — j ton tho oarth, q is obtained 

| \ J from tho following equations: 

I tf'—'g-fi'; ain(ff + cO— 

Fig. 41. Aagatar dkt- Fig. 4X HSUogm Jt do T . _ , ,, , u 

ua at i Burnt tnm BrnHutaT^ nM. It D and ® 0T0 the hflflO- 


FTg> 41. Asgatar dht- 
mbs of a sanepot tnn 
the ana*! caotn. 


Fig. 4X 


Hdlofiaphio 
N Of I SO» 

■pot* 


If D and m HTO tbO hfiuO- 
grapUc latitudes of the earth 


1 8b* G. Ssanm, BmamH «U Aitmdk. 1, p. 141 at aaq. Padova. ( 1830 ) and 
B. Watv, Handb. dar As tnamud a . 4. TTaWpnd, p. 421 at aaq. Zftdoh 1BSO. 

■ pa la Rox, Stxwaxt, Loxwr.Tf— rr¥on flohrPhydlai HaBoeniphiaal Padtiona ate. 
PML Tirana mo alaoi m La Hpx, Tahlga lor Hartortfan gfSohrOtfvattops. London 
(1675-187^- Intiodaulkai to Gcaa nw teh HnUwlkfi^iliie Baolta In GnoevUi Ofaarv* 
stfona p. d vn. 
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and uf a sunspot res p e c tively. referred to the sun's equator, and l the heUo- 
graphic longitude of the spot reckoned from tbo solar roerldlui at the centre 
of the disc at the time (positive when vest of the centre), and % the position 
angle of the spot reckoned from tbo sun's axis, then: 


sin93 — coep rin D + rinp cos D cos;, 
sin/ * — sin2 sing 80093. 


The pnrfHnn angle % — N'CM Is obtained by subtracting P (position ingle 
of tho sun's north pole m a t ured from the north point N towards the east) 
from tho spot's position pn gfo reckoned from the north paint. The heliograpidc 
longitude is l + L, where 1«- CM*, and L ■■ Q B (f, at the earth's helio- 
graphic longitude; A Is tho longitude of the ascending node. The three quantities 
P, D md L for the given time are found in the epbemeria mentioned above. 

The Greenwich Obaervatory adopts Cabhdtctom'b dements far the cam- 
p otailon fadhy vpMft coo rdinates These are: the IncHnadon of the plane 
of the sun's equator to the plaqo of the edtptk — 7°iS ,m , longitude of the ascend¬ 
ing node + {A — 4850) 0*,044, where tho aacond term is the precemloQ 

from the year 4850 to the date A ; and the pariod af sidereal rotation — 25 4 ,58. 
The TTy»HfHi>n of origin, car aero meridian adopted. Is that which erased the 
node an January 4*, 4854, Greenwich Mean Noon. 

B. Distribution of the Spots and Faculae In Qellographlo Latitude. Period- 
idty, Period of Rotation and Proper Motion of the Spots. Refraction of the 
Solar Atmosphere. Sunspots do not appear over the whole of the solar surface, 
their distribution is limited to two belts lying between 5* and 40* north and sooth 
latitudes; they ■"idnm appear an the equator, and have never been seen beyond 
45 * north or south of the solar equator. 

Fig. 45 shows the distribution of a large number of spots observed by Ca»- 
butotcxm and SFdsn b e t w e e n 4855 end 4864. The m a x i mum frequency bee 
between 40° and 20" north ar 
■oath latitude; their number and 
rise vary considerably, not only 
from day to day, but frommontn 
to month and from year to 
year. A regular periodi c ity had 
long been suspe ct ed, but it was 
Schwab* who discovered the 
eleven year period. The number 
of spots, though variable from 
day to day, is fairiy regular when 
taken over a long period; the 

TTMTrlmnm rnimlw to be is 

from 25 to 50 per day, but dayi 
spay pass when no spots whatever 
are to be seen on the sun's sur¬ 
face. R. Wou 1 examined all the 
u nnupi i' o bee r v a tlnDa H npf> the 
Hm» of Galileo md obtained 



a mean period of 44,4 years * 

as the cyde of edar activity. This pariod, which is subject to fluctuations, he 

arrived at with Ma relative nnmbere, which are still used. These take into 


1 B. Wolf, Hudb. dar Aatrnwnk, 4 . Halh faa nrt , p. 408 and wq. 
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account g, the number of groups of spots visible daily, and /, thu number of spot* 
counted Taking all observatkms from 1850, Wolf aroumcd a weight of 10 lor 

tho groopH of spots and of 1 for tho 
number of spots; tho rotative number 
r won obtained from: 

f («» + /). 

whom A Is a coefficient depending 
upon the Instrument used and U]mn 
the observer, which ho took us unity 
far his own olwervutlons it Zflricli 
j with a tclcscopu of 10 cm uperturo 
| and a power of 64> Wolf's ohsrr- 
| vatkrns and determinations have 

S bean kept up by A. Wolfku and 

| W. Bitumnui In collnlxmiHon with 

I numerous observatories and under 

C an international organisation which 

-■ publishes tho rotative numbers nn- 

3 Dually 1 . Tho rotative numbers fir 

> every month from 1749 to 1024 have 

| rccootlyhoonpcihUshcriby Wnuiu 1 ; 

* bccanso of tholr Importance In solar 

5 physical rmoairii and of thu am- 

nectlon butwcun solar and terrestrial 
| phenomena thu yearly rotativu nura- 
; I has from 1749 ore given IwJow. 

►. A more prudiat determination 
| of thu period of solar activity Is nb- 

| tfllnod by muasnrlng tho total anas 

h covered by thu spot* (nmlra and 

| penumtral and thn faentae. This 

invwdgatkm undertaken tiy Cah- 
hikotok and dx laRuk Is still am* 
v tinned at Croonwich, wlwro the biobs 

u are measured from tlic dollv photo* 


rioui obwrvatori® 1 . Thu aruas are 
n measured cm tho hdlnphotogrums l>y 
mans of a glass plato niLd with 
cro« 11ms each ono hundredth of an 
inch apart; a correction fur tho loro- 
shortening effect is appUod when tho 
spots are at some distance from tho 
centre of tho son. Tho bthrj are 
anally nrprwed in millionth parts 
of tho via bio solar sorfaco. Thus, 
ft* aaampl e , at the 1859 maxi mum. 


* w* B. Wolf, 


ds H torfrWt y. Tuna lgu. 


boa tod A. Woun 
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the daily average was about 1400 mUHontha, while at the following minimum In 
1867 an average of only 300 mUHanths of the tan's surface was covered by 
spots. At the minimum of 1915 the doily average area was only 1 for the 
umtoae, 7 for tin spots (nmbca and penumbra), and 95 for the facuiafl, while at 
the 1917 maximum the nnmbm were 247, 1557, and 2505 respectively. The 
relative nrnnbaa far those yean axe found in tho table I. 

From tho carve a! solar activity and the relative numbers for tho periods 
Investigated, or from tho areas covered, it is doer that tho ascent from rahdnram 
to maximum ia steeper than the descent to minimum, and that tho average 
interval between a maximum and a minimum la 6,6 years, while from a minimum 
to the succeeding maximum the interval ia 4,5 yearn. The intervals between 
two maxima or a minimum and a maximum, or vice versa, are however irregular, 
but an ekrven year period ia indisputable, though it may bo complicated with 
probable longer v shorts' periods running concurrently. An inspection of tho cum 
(fig, 44 , p, 94 ) shows that a period of 11,5 years is not quite retiafactory, a double 
period of 23 years with two unequal parts appears to be more fanbablo. Ttnom 1 
-v. compared the alternate halva of 

f the double period ovor a number 

/ of cycles; ttxj result, shown in flg.H5, 

/ A has been conflrmod by Hale, who 

/ at x. obtained 23 years aa the magnetic 

/ dp period of the sunspots. Othvobrer- 

.vara have attempted to deduce other 

jte*# it J kiiriiknM concnrrent periods from tho curves 
Pig. 45 , canpaitam of titsnxct* hmlrm of of *>lar activity, but with incandu- 
X3 ymn eyok. rive results. SCDT7BTXB 1 dlacuaring 

the cydra between 1 83 3 and 1900, and 
applying Founm's general theory, Bought to represent the curve of solar activity 
aa the sum of ahnple alne curves, with the result that there appear to bo four, 
if not more, concur run l periods. These periods do not, bowovor, rep res en t tho 
observed .fluctuations auffldently well became tho varying amplitudes of tba 
periodic curves have not been taken into account. Ofpmmhaim 1 introducing 


a pnrindical function with an oadliating period arrives at the determination 
of two cycles of 11,25 and 450 yean which fairly represents Wolf's relative 


numbaa. 

Not only do the numbs and dimensio ns of the spots vary during the okrvcD 
year pslod, but also their poritkn and distribution over tho solar surface. SpOhxi 
investigated this phenomenon, which ia of great theoretical importance in 
cormncrinn with the physical cansdtetkxi of the sun, and Is also related to the 
magnetic period erf the spots. 

The regions, where disturbances giving rise to tho spots take place, at tho 
beginning of a given period (minimum), are situated in two bolts in 30 * north 
or Booth latitude. There belts drift towards the equator, and at maximum 
activity they are in about latitude i 46*; as they continue thnir drift the number 
of spot 1 decreases, until they almost die out in abont latitude ± 8 " at the and 
of the cycle, after an interval which varies from 12 to 14 yuan from the time 
when they first appeared. TVro cm three yean before their final disappearance 
fresh disturbances giving rise to a new series of spots are aem to taka place in 
higher latitudes. At minimum a ctivity then ere therefore four distinct belts 
of dfatnifaanc cs, two near the equator, where the spots are dying out, and two 

1 KK 74, p- W- (1914). 1 PsmflUGBUt. Fhjrik d m 8<mn* p. 66 (1*10). 

■AN Oja, p. 369 dm. 
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in higher latitudes, when a now cycle of spots is beginning before the preceding 
cyda has run its course. SpOuuh's results (1855—1880), which have since boon 
confirmed, axe Illustrated in fig. 46. The upper curve is like the curv e in fig. 44 , 
the ordinates co rresp on ding to areas covered by spots; the two curves below 
represent the heKngraphic latitudes of the spots counted in the years marked 
on the ahwcU—e. A farther investigation of SfOskr's law, taking the 
cycles between 1874 and 1915, was undertaken by Maumdek 1 who plotted 
fl g- 47 (p. 98) showing the distribution in latitude of the.centra of the spots 
during those years. He observes that a ripple of disturbance on the mIt 
surface, causod by tho drifting of the spots, may indicate a pulsating photo¬ 
sphere, as in the case of tho Cophdda. We shall show lahr that a shnUar pulm- 
tion is probable in the sun's external envelopes. 


1 ■ UIMU1J ■■ HUM U K.B 11IIJI11XW ■ ■ Ul. ■ ■ U U11 Lll| 


H = rfflflaflBBflBBflBBB = aBflBflaflflaflBBta^^H 
ifllUMflfllBBBBBBBflCBBIBIBIBIIMMIBBBl 

flllUlimillllllUIIIIIIIIIIIIIIII 

iiiiiiiizHiimiiiiiiHiimiiiim 


ng. 46. Sriw'i oarres ol ansipot httttndr. (Psaraeaxm, VbjA dar Boom.) 

Analysing the four cycloe between 1874 and 1925, Tubkek 1 found that 
the mean period of activity derived from the drift in latitude is 11,55 years, 
and 11,65 years if derived from the maxima and minima areas covered; the 
mean of these two periods la 11,5 years, which is tho period usually adopted 
far the frequency of sunspots, 

Thofaculee are seen, as we have already said, in the vicinity of sunspots when 
the latter apjxoach the son's Hmb, bat su ns p o t s do not always accompany all 
famine. Tlwy are also visible in latitudes higher than the sunspot belts, but 
always with greater freausnev in those belts. 


mi researches 1 , which cover the cycles between 1895 and 1905, 
divides the farailse into two distinct categories. The first cop tains sll those 
extensive groups of fscnlsn whose centre of activity varies with the eleven year 
period and winch move from latitude ± 50 * to the equals and tin sharply 
bank; lure, together with the fsculse, sunspots are found and have life. To the 
set twVmg >li WvMft ■mall groups of which are found in 'high 

latitudes, b et wee n ±75* and ±80°; their generation is due to causes which 
are either different to th— which produce in th> flnt set. or which 

do not set with the same aurgy in high latitudes. The conmtinn between 
■nnepots, and jB uminfmw will be dimmed later. 

The differs are betwe e n the various periods of solar activity, dediiced 
from the time when regular, or sufficiently regular, sunspot observations were 


* UN 64, p. 747 (190f); 8a, p. 534 (lpzQ. 

904). 


■klH 15, p. 471. 1935. 
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commenced, are rmndrirmbk. Then dilferancee era given In table II, which 
gives the epochs af sunspot maxima and minima as computed by Waunu 1 . 

Table II, Sanspota Maxima and Minima. 



1619.0 

16340) 


16660) 


! 13.3 


1639.5 i 

I 

16490) | 


110 ) . 


i A If (Ju Mteam p. 33. Ihy Umbf 1921 . 
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A remarkable fact which emerges from Tables I and II la that, at Lho (ini 
of the 47* and the beginning of the 18 th century than wu a prolonged period 
of mhdjTiuin activity, and during this period the northern hemisphere wiut 
quiemit, with almost a total absence of spots. The dbaymmetry in the frequency 
of spots in the two hemispheres obtains in one direction or another througlimil 
various cycles. 

When tho son's rotation is determined from sunspots wu are necessarily 
limited to the sunspot region, that is to tho belts bohroen ± 10° and ± 50°; 
the eexiy determinations gavo a period which lies betwoon 25 and 27 (lays. 
SfOber and Casbotgiok, from their respective prolonged and systematic 
observations, obtained sufficiently concordant values of abnnt 25 Y< days; 1ml 
the differences between the results of other obrorven were explained hit? 
by CA B RCMOT oy who showed that tho son's rotation is not tliat uf a solid hudy, 
but varies as a function of the latitude. The rotation period is a minimnm ut 
tho equator and increases gradually towards the poles as follows: 


LdSaili 

Rrtntaa Ymtul 

± 0“ 

a pjo 

40 

2$* 

SO 

25 ,1 

30 

26 .5 

40 

27 A 


The last value Is vary uncertain because of tho small number of spots wlddi 
appear in that latitude. Fig. 48, due to Hadxdir 1 , Illustrates the rotation at 



different latitudes, and in drawn satum- 
ing tho existence of a spot at every 5* 
of latitude and that all tho aatumoil 
■pots aro on tho sun’a contra! meridian 
at a given instant. Every spot is car¬ 
ried towards tho west by tho apparent 
motion of the sun with tho moon velo¬ 
city proper to Its latitude, so that after 
a synodic revolution tho spot should bu 
in the position indicated In tho curw. 

Attempts havo boon made to ropru- 
■ent analytically with an empirical 
formula, tiro velocity of rotation m a 
function of tho holhgrnpblc latitude. 
Many such formulae have boon dovhod 
and all ire mare or lass of tho auno form, 
that h with a term depending on tho 
latitude and a constant. Taking £ os tho 


velocity of rotation, or tho angular 
distance travelled by a root in mw day, and s the hoH'vr ni Tfolfl latitude the 
following formulae have feu obtained: * * ’ 


Cammotoi £-44 <, ,42-2° l 75rin»y l 
Srtm £- 8°,55 + 5°i80 cosy, 

_ lCmnrom £-42°,4J + 2°^H co*p. 

1 UK as. p.539 {ISM}. • 
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Taking the mean of the more reliable values, the dally rate of motion fa: 


v 

1 M) 

r 

«(%***) 

± «■ 

HMu 

20 * 

14*iOG 

5 

14 .3* 

25 

13 39 

ill 

14 ,31 

30 

13 39 

15 

14 JO 

33 

13 A7 


It may bo noted that thcro is a difference of noarly one degree b e twe en the sun's 
angular velocity at tbo equator and at tbo 35* parallel. The above values are 
the result of a largo number of sunspot observations; there are, however, very 
great differences in tbo nasnlts of individual observers due to the proper motion 
of the sunspots over the sun's surface. 

A determination of the rotation period has recently been undertaken at 
Greenwich 1 from kmg lived spots only, that fa than which have a Ufa of at 
least 25 days; thaw spots axe usually regular and approximately circular and, 
in the majority of «*■**, they are the leaders of groups, so that thdhr life and 
duration makes them particularly adapted to such a determination. If * fa 
the change in longitude during a period of y days relative to the rolar meridian 
whose period fa 25,38 days, the rotation pariod in days is given by: 


360 



The angular dally motion obtained from 449 spots in the four cycles betwee n 
1878 «nd 19JJ ta: f _ u . J7 _ 2 *jto 

The proper motion of the spots may bo in latitude or in longitude, and may 
be nnlf o im or irregular. The aystanatic proper motion of tho Long-lived spots 
baa been investigated at Greenwich 1 ; the motion in latitude fa found to be very 
small, barely one tenth of a degree in a revolution. It fa interesting to note that 
the general drift towards tho equals' of a sunspot belt during a solar cycle, 
which, should bo a mean of 0 V4 per sidereal rotation, fa barely traceable in tho 
motion of Individual spots. 

The sys tema tic motion in longitude fa of much greater importance. In 
15H3 MAumma suggested that this motion fa connected with the age of the 
spots. At the birth of a group of spots, two principal spots are distinguished, 
the leader towards the west, and the follower to the east. Dazing the fast two 
days the leader of tho g roup moves rapidly forward in longitude, with a velocity 
of about tV) per day. During the next two days the velocity decreeses to about 
0°,4i and continues to Amnw till about the 15* day when it moves with the 
mean velocity proper to its latitude; shout the 20* day the motion fa retrograde 
at the rata of about Q°,06 per day. Cp rr — chang es place in the 
dimensksia of the spot; there fa a rapid Increase in ilia at first and the maximum 
la attained about & 9* day, after which it dnereaaea slowly. 

Thenpper curve in fig. 49 (p. 102) represents the motfamlnkngftade a the ascend¬ 
ing curve a movement towards the west In the direction of rotation; in 

the lower cur ve the area of the spots fa exprereed in mQBonths of the visible 
hemisphere; the in both cases give the age of the apots in days. 

The motion of the "follower - fa consistently slower thin the mean velocity 
corresponding to its latitude, especially at the time of its formation when the mean 

Sfc p.34* (1*3)- 1 



XI 85. p.183 and 333.(1*3). 
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motion la o\3 towards the cert. The contemporaneous changes in the area of 
tire foDoww show a rapid Increase to a maiimmn on tho 3* t* 4 U day, fnDowod 
by a slow decrease. 

From the evidence supplied by spectroscopic observation, which wo shall 
a«i with later, we are compelled to admit that the chromospheric laym 

poaHnaa an angular velo¬ 
city of rotation which 
baronies with the bright 
above the solar surface. 
Therefore If the dlfferan- 
cee In tho rotation peri¬ 
ods of tho leader spots 
are duo to tbolr varl- 
atkxna of level, it must 
follow that at their birth 
they are situated at high 
levels and daacond rapid¬ 
ly through tho lower 
layers, tbolr dimensions 
increasing in ao doing. 
Or altoroatoly wo njay 
consider 1 that tho forces 

Fig. 49. Ill nr apota (So dcyi ds ra t fa n). Han dla p lsc s - acting at tho timo df tho 
manta la nmgilaxla sad btm (Graanwioh). fm -maHn n of B. group tend 

violently to separata tho 

leader and the follower, and that when the initial impulse dies away tho 
motion of the apots is checked bv the viacority of tho strata. The snbroqnant 
motion of separation, more repeckHy in tho care of tho leader, agrees with tho 
ictnal velocity of the layer wterein tho spot is situated; this velocity Is therefore 
■lightly lore than that (Wived from tho formula above tar tho long Hvod-apota, 




Fig. 50. YnrinHrw la htttads (ate* 
dauj Ja hm pratavntlal JacHnation 


A characteristic of there snnapot group s 
formed by a peir of nndol more nr kas apart 
which often rerelvo themselves into sown] 
components and which pomon, aa wo shall 
see, well doflneri propur li on in their magnotlo 
fields, is that the area of tho group Is lndinod 
to the solar equator to a greater or lomer do¬ 
nee. Joy's Investigations 1 of CAKiinfQTaM 1 ! 
(4856—1861) and Spflm's (4861-1893) 
drawlnga of a total of 2633 gro up s spread 
over an interval of J 1 /, solar cydca, show 
that the asglo of inclination varies slightly 
during tho itfe of a group, and that aa a rum 
there ta a well defined connection b e l w orn 


(ardkmtm) oC ttwrels of mm^ot this ingle and the latitude of the group. The 
tma ^ m follower smears to bo further from the equa¬ 

tor than its leader, and tho higher the lati¬ 
tude, tiie greater the inclination of the to tho equator. This holds tar both 
hmrl s ph cra. Table IH below and fig. 50 give the details of this investigation. 
Generally, t he a n g l e of inefl nation «mis to depend entirely on the latitude of 

i iraumijA, 238 AF 1996. p. W. 

■ ApJ 451 (I919|. 
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the group, and la independent of the epoch In the cycle; in low intitudro the 
axea arc needy parallel to the equator and the iMtination incnaan with the 


ana arts needy parallel to the equator and the incHimtimi increase* with the 
latitude up to a maximum of about 11 *. 

Table ITT. Inclination ol Asia of Sunspot Groipi 1 . 




Ii-Mu 

IB 67 -I 

AXrlfln 

1871-1 

Jn-Uu 

1*79-1 

[■JE- Uln 


0*—4* 

S*-f 

10*—H* 

15*—tt* 

7* (3) 

5* (37) 

10* (69) 

7* (94) 

1 (34) 

3 (117) 

4 (14$ 

6 (73) 

4 (4) 

5 (15) 

5 (55) 

6 (80) 

7 (35) 

3 (139) 

6 (147) 

fi m 

7 (If) 

3 (43) 

4 (105) 

3 (133) 

3. (34) 

-1 (73) 

6 (110) 

7 (43) 

-3 (7) 

0 (31) 

8 (81) 

6 (93) 


9* (103) I 8* (M) 13* (30) 

9 (40) 8 (9) 14 (3) 

6 (97) 9 (45) 8 (33) 

8 (65) 10 ( 13 ) 10 (13) 

9 (85) 9 (31) 14 (9) 

10 (7) 17 U) (0) 

10 (8$ 10 (46) 10 (13) 



P°ta | 3".7(llS)| 3**4(433) | 5\6(715)] 5*3 (596) | 8*,7(485)| 9*3(30$ 110*8(80) 
A further' ayatematlc motion in ladtnde and longitude, vary marked when 
the spots are near the Umb, and noted by Cakbiygtox, SpGskb, Secoo, and 
Faye, la attributed to the existence of a solar atmosphere and to the level in 
which the spots He 1 . Analysing the motion in latitude, it is brand that when 
a spot crm the aolar dfac there la a tendency far ft to move a 

towards the pole of the henriaphse in which it ie situated 
until it reaches the central meridian when the motion is reversed / \ 

and it needs from the pales; the higher Its ladtnde the zmxe a* f \ 
it racedea In flg. 51 , S' k the portion of a sunspot, P the pole \ 

and K the point whae a tine joining the centra of the earth 
and the sun cuts the son's surface. The effect of refraction, — 

wlmllT to the effect of terrestrial refraction, causes the spot to Fl*. 51 - Eflwt 
be seen at S; SS* is a function of the angular distance S'E. ofl £™El5S5 
The displacement in latitude is SS'a* S'SP, and therefore bv 
the laws of refraction, the effect desofbed above is produced. 

This has beai demonstrated by Capo* from the Greenwich observations, and con¬ 
sidering flv* diversity of the obturations examined, the effect cannot be attributed 
to an erro r in the axis of rotation adopted. Analysing the motio n in longi tude . It 
la found that the spots appro* to drift towards the centre of the aolar mac wh® 
they are an the eastern cxwestau limbs; in fact if wo compute the angular velocities 

atthe central meridian and -_ . . -i-r-—“— liMt — 

at meridians <55* and 75*___ — - 

QsstarwesLaawudaneby o* to ± io* 14*31 14'ji i3*,5i 

C«m with the «=unb£ ±« * ±i> « •« J+ •!? \\ ■“ 

j , _i_ i .im.ti ±15 to ±® 14 ,51 14 31 13 37 

■turnat sunspots between ±ao ^ +25 14 3 D 13.59 13 37 • 

1886 and 1910, we find: -—- 7777, -^- 77TZ ,— 


o* to ± 10 * 


a 

#±tr 

l±W 

14*31 

14*31 

13*.51 

14 ,48 

14 .10 

13 .14 

14 ,51 

14 fii 

13 37 

14 30 

13 .59 

13 37 • 


S. Cams. ilf73. p .361 «nd 732 (1913) «nd L. Gamut, J O ft p. 17 (193$ 















104 


Chap. a. G. A arm; Solar Physio. 


dph. 9. 


Wo shall oow consider one of the effect* of refraction on this angular velocity. 
The effec t of refraction le to render a spot visible for a short time after it has 
pa—H behind tho limb; ■when it appeals at 5 on the Hmb its true position is at 
S', the point where the visual ray la tangential to the bod's surface (fig, 5a). When 
the spot reaches point A, S and S* ooinddo, consequently the angular velocity 
at 5 is always leas than at S 4 , except at A whan tho vdodtU* bid equal; tho 
difference grows with increasing velocity as tho spot approaches the limb, is 
will be seen from the table above. 

In practice h owever solar refraction may bo mid to prodneo two different 
effects which can ho treated separately. One offset is that doo to the curvature 



Fig. 52 ., Hffaot erf 
■aar r*£rmetkjn an 
tfas langftnds af ian- 
^ots. 


af tho lino of sight to the spot, similar to tho of foot of 
terrestrial refraction, and the other Increawn tho son's ra¬ 
dius. Although a spot at tho centre of tho nm is not 
affected by refraction, yet its angular velocity at that 
point is not tho actual velocity beennao tlw apparent ve¬ 
locity la referred to the apparent sun, and tho actual ve¬ 
locity to the actual son. 

Tho apparent angular velocity of tho somo spot at 
different places on the sun's disc can therefore be partially 
explained by the twofold affect of refraction and angmant- 
adon of the sun's radius. Another offoct on tho angular 
velocity may bo duo to the depth of sunspots, so that a 
dopth-paxalhuc must bo taken into account, as was done 
by Fat*. 

Anumhig that Cawmi's formula for refraction holds 


good for tho sun also 1 , the correction to be appttod to tho heliocentric distance 


q of a spot is given by: 


d 9 mm h tanfc + (ft. 


where k Is a nnmedcal coefficient and tho geocentric distance of tho spot 
From what hss been mid, and ss far as is known at present, tho physical moaning 
of the cneffldent k may he ezpresmd by tho sum a + b + c, cadi of then terms 
representing tho influence of a d efini te physical canao, thus: 


s) the idreetkm erf the solar atmosphere, 

b) the depth-parallax of the form where ft' is tho depth of tho 

spot and R* 4 the sun's radius, 

c) the augmentation of the sun's apparent radius doo to refraction, of tho 
farm dSf'/R 9 ; dS" boing tho difference betw e en the apparent radius R" and 
tho actual radius. 


Fat* considered that the actual diameter of tho sun might ho determined 
by the transits of Hvcnry, or in some other way, in order to obtunrfR"/A v directly 
from observation. He farther suggested a flwm of sep arat ing tho other terms 
by measuring the distances between tho edge of tho nudmis and tbo penumbra 
in various positions of the spot on the real's disc. Tho values of k derived from 
various methods are in fair agreement considering tho different observers and 
objects observed. Capos'* value of k approaches the mean value obtained by 
other observes and is A — (y>5# radians, re 0*,JJ. Sotome 1 in a recent note 
on this subject canes to the conclusion that sunspots cannot be doproaod 
ho le s In the photosphere and that probably only a) and c) must bo t idren in 
conride ratinn. 


1 C.H.P. Earns, Zer BrfraVttnn aaf dor Sains. AN Ji, p. ail (1861). 
a Prasad. Inpvial Asad. Tokyo 3 , p, 251 ( 19 a?). 








d|il>. 10, Dotormlnatkxi u[ the Period o( RotmUm (ram the Motion of tbc Fkcnlao. f qj 

Although the existence of this anomaly in the motion of s unsp ots has been 
established, tiw causes have not been jruperly explained or, at least, they have 
not baen clearly differentiated. 

10, Determination of the Period of Rotation from the Motion of the Faculaa 
and their Proper Motion. The determination of the rotation period from the 
observations of the facnlao is difficult because they do not offer mil dwAiwid 
and compare ttvuly stable paints of rofcrcncei as in the gnaw of sunspots, and 
further because they are not vttbta e a c up t near the son's Hmb; on the other 
band group* of facnlao arc longer Hvod than the spots which accompany them. 

The more important dotarml nations are those of Stsatoxovt from the 
photographs taken at Ponlkovo (48^1—4893) 1 * of Chkvaukb from the Z6-S& 
photographs (1905—1908)* and Mauxdxr's who discuaod the Greenwich 
photographs from 1888 to 192} a . 

The first two baiod their naolts on the Irian tfficaHcxi of cartaln characteristics 
of tho facnlao which were kept daily under observation. Mauxuxs based his on 
obeervatiana made at a period of minimum solar activity at Intervals throughout 
a complete revolution when the identification of small isolated areas is renefered 
more certain. His results far the different latitudes are as follows: 


*- 

“EST 1 

i 

± o*to±io* 

344,88 

14\47 

±io to±ao 

as ,08 

14 J5 

±ao'to±30 

as .fin 

14 ,06 

±30 to±40 

a6 ,59 

13 ,54 

±45* 

aa ,06 

ia A3 


An e m p ir i cal formula derived from tho above data, to that obtained 

from nuopota la: f _ WM _ ^ 


The residuals show a systematic rate indicating that the observation might 
be better represented by the addition of a term raised to a power higher than 
rin*?. Maukohs's famrala thus becomes: 

f - U°A9 — i",78 sin"? - 3 B ,l6«faV 


Fig. 53 (p. 106 ) shows the observation data and the variation in latitude of 
the period of rotation. 

The various rotation periods derived from the different solar phenomena 
will be c ompar ed later when the 
results obtained from s p e ctro scopic 
methods are ctismrend. 

The proper motion of the fa- 
culse has also been investigated at 
Greenwich* by comparing the mean 
latitude during one revotutkai with 
the mean latitude in the succeeding 
revdhifinns. The intereating result 
is that the fsenin appear to have a proper motion away from the equator of 
an average of o",9 per synodic, or 0°3 per sidereal revolution, b etw uun o* and 
40 s latitude; thk mo ti o n is more pronounced in high latitudes. 


Proper Motion of thaLone-UvodPaonlaa 
in ana Synodic Rotation. 



“is- 

*C£“ 

± 0 *to± 10 * 

± 0*8 

+ 0*,3 

±10 to±ao 

±1 .3 

+ 0 .9 

±ao to ±30 

±1 .7 

+ 1 A 

±30 to±w 

±1 S 

+ 1 A 


YAH 137, p. 465 (1695). 1 Annals ZAaft 5, P* 61 (1911). 

■ MM 84, p. 431 (10M). 4 MN 85, p. 489 (1934). 
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Tig. S3. Bolar rotation period fnan ma ma of itonko (Grmmwkfa). 

11. The Figure of the Son and Ha Probable Variations Oboarvations to 
determine the figure of the stm were begun u oariy aa 1750 by Bxadlet, wbo 
meas ured the diameter of the solar disc fax various latitudes Borides the problem 
of a pooriUe Bcnlar contraction of Its diameter, the qaaetian of tho sphericity 
of the sun’s globe and tho variations of its diameter during tho dittsnmt pfa— 
of solar activity have also been investigated. 

The measurement of the oun's (Hamster was, and still is, carrlod nut with 
meridian drdea. The horiaontal dfauneter Is determined by taking the times 
of transit of the wort and east limbs; and the vertical dlainoter Is measured by 
the difference in declination of tho north and south limbs; helkxmoteri and 
pho to g r aphy are also used for this parpen. 

Father Sxoczc and Father Rosa of the Roman Obearvatory under* 

took the investigation of the variation of the arm's dbunotnr using tho obearvatkma 
then arHflable; the latter In a detailed memoir 1 demonstrated that when the 
number of aunapoti and i[>»mlTyniy is §. minimom Hw dlamotor Increases, 
Since then the vrork of Rxsfksi and Ua ■n« w psqn at the Capitol Obaarvatory, 
and of the Greenwich Observatory, of Auwxnx etc. has g iven ua a large mimhw 
of obaervaticna and equally numerous iW tniBkna. which h ow e vur have lod to 
do dwflwlhi emchttkam. 

Dlsooning the observations made by Hhjikkr at fhn Neuenburger Obses> 
vatory with tho meridian drdebotwem 1062 and 188} , R. Waur obtained a remit 

1 F. Bon. Btadl latnren d dhuMtxl ***** Bum (iBft). 
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far the sunspot maximum of 1870 (tho largest maximum known) in a gmomwit 
with tho Secchi-Rosa law 1 . The gnmhic representation given by Wolf Is 
reproduced in fig. 54; tho absdrea gives the yean from 1861 to 1883; the ordinate 
on the loft arc Wolf's relative numbers, while those cm the right show the 
over tho mean radius of 1*4? in thousandths of a second. An Inspection of the 
two curves seems to leave no doubt about tho Secchi-Rosa law; it apprera 
also that tho radii undorgo 
an annual variation which 
seems to be connected with 
tbs varying iwUnatim of 
tho sun. Tho recent re¬ 
duction of tho observations 
made between 1877 end 
1900* and from 1923 to 
1936 at the Capital Obser¬ 
vatory seem to support tho 
Secchi-Rosa law 1 . 

Tho variations of the 
solar diameter are jrobsbly 
complicated by a slight 
difference probably existing 
between the polar and 
equatorial diameters (the 
polar diameter being the 
greater), and varying with the made of solar activity. From the observations 
available it appean that tho dlffanmce does not framed half a second of src. 
According to Lake Pooh 4 who examined many oburvations, the ratio between 
the polar and equatorial diameters varies periodically. The length of the period 
la uncertain but seems to approximate that of the sunspot cycle. The ampli¬ 
tude of the variations is shoot 0",2 and the difference bet ween the maximum 
values positive end negative is about 0",5. 

At Greenwich the sun's diameter Is observed regularly with the meridian 
circle, and from a rtfaenssinn of the obaervatinna made daring the past 10 yean 
(1915—1935) 1 it appears that the vertical diametre exceeds the horizontal 
by 0",3; the difference be t w ee n the two may be pertly due to tbs method of 
ofaaorvation. Tho horizontal diameter is measured at transit with a recording 
micrometer, wwd ttm vertical by the H lffa m n qi In twiMi of the north 

and nuth llmha. The relation b etw e eu the measured diameters and the 
sunspot periods Is inconclusive; on the other h«nri tabnlatiwg the dlffinucs 
between the two diameters, as given in the Nautical Almanac, and 
the observed differences, month by month throughout the decennial period, 
we find large dHTenincn s amounting to one wwcnnri of src; the dlametas 
observed are greats in summer than in winter (fig. 55 , p. 108). Dtacnadng 
the various causes which may produce three dlffg a nc e s we arrive at the con- 
durian that they must be doe to Irradiation and to its variation during the year. 
In the Nau tical Almanac the constant vahie of the son's diameter at 

1 R. Wtmr, Hsndh. dor Astmoods, 4. Hslbband. p. 434* Zorich (1892). 

1 O. 80 m m pUMudbUs **n«»i*— hj dfanwtm dd sols Bautt- 

«*tt Lined a, Bar. 6 , p.293 ( 1 W). 

■ Rsodloaotl Lined te. 3. 33, p. 330 (104) and 8m. 6, 5, p. 133 (1997)- 

4 Arnisk at file Nit Yack i railway af Sekscsa Jims 1909 sad Ap J 22, p. 103 sod 303 
(1905|. 

* R.T.Coll*k, MK 86. p.344 (1916). 
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mean distance is taken ns 1922",36. This Is greater by 3 ",10 than tho Auwbrs 
value 1919",26 used for eclipse computations. A change In the value of than 
correction for irradiation might explain the rate observed at Greenwich; In fact 
on the hypothesis that irradiation varies with the atmospheric absorption 

tltodcw of thu 

11 - 1 1 ■ 1 - - —son, and also with tho 

varying con trust between 
the solar disc and tho back¬ 
ground of thu sky, and that 
this variation is propor¬ 
tional to tlic secant of tho 
south distance, Cullkjt 
has arrived at tho result 
shown In fig. 55. If wo ac¬ 
cept tho Auwim constant, 
the irradiation terra 3",10 
requires a correction of 
+ 0 ",i 5—0",30sec£, where 
Z is the sonitii distance. 

This explanation applies 

also to the annual variation found in Hnjnrot's observations. 

Tho varying relation between the polar and equatorial (llanosters may 
perhaps find confirmation in tho varying height of tho chromcaphoru, which 
ss wo shall kb later, is determined with the spoctrascopo. Respighi 1 found 
that the height of the chromaephcro is variable; usually it appear* to bo higher 
at the poles than at the equator. Recent observations by G. Ahetti 1 at Arcotrl 
confirm this and also show a probablo displacement of tho maximum heights 
at dttfemt times. It is probable that the phenomemm is moro raarkud in tho 
monodnomatic radiations and further obmrvationa, poadhly with imixoved 
methods, may lead to a definite conchuka on this debatable question. 

The fact that tho conns presents wdl defined features of maxima and 
minima with varying (Uatribatian of coronal matter, now at tho pnlu and now 
at the equator, coincident with maxima and minima of solar activity, proves 
that the -extend envelopes of tho solar atmosphae iraffar periodical change* 
which are related to the sunspot period*. 


Tig. 55- Vtdatkms at safer dfematen during tho juor 
(Gfwmrldi). 


d) Speotrosdopic Observations of the Sun's Surface and 
Results obtained, 

IS. Observations with the Spectrohellograph, Monochromatic Photographs 
of the Sun. Bright and Dark Flocculi. We have already doscribod how mono¬ 
chromatic photographs erf the son In different radiations ora obtained. If wa 
OMhie the Ha Hue, hr example, a few seconds of arc beyond the sun's Urab 
with a spectrmpe of sufficient disparate, we shall see It bright against a dark 
tMcfaroond, and as we approach tho Hmb tho ite beam* double, a dark ab¬ 
sorption line ojmeara between the two bright components, and wo havo double 
InvtttioiL Just Inside the limb the line generally loaeo its bright components and 
only the dark central Hoe remote; in certain men active ngfcms of tho sun 

1 Attl ted onk <M T focal J. Dn, i 860 nd 5. Mar 1870. 

• Haafflooptl dfe Iinaat 8w.fi. 3^ 14a FabriiT^ 

1 8m aka Mmam, “Safer Edfete 1 In tiife Hoad booh. 
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the bright components may not disappear 1 . The nine thing la observed in the 
can of the H and K caldum Una. When wo photograph the mn mdng gtft 
mffldontly wide to take, not only tha whole of the K Hue; but tin pert of the 
continuous Bpoctrum an either ride, and give the spectroMlogruph an Inter¬ 
mittent motion Ilka that of DKaLAKDHM 1 velocity recorder, we obtain an 
as In fig. 56 , nbowing double reversal, the varying intensity, and the Hlffpnm* 
aspects of the K Hno corresponding to thorn parts of the «n 1 f disc where the 
addum vapour la In a wmdlHnn of endnlon or absorption. 


1!|. 56. Ban's dko pbotagnpbsd it Wnarine (S - Sspt 1908) with tha tdoc Uy aconhr 

(Dnuromnl . 

If the second tilt la set on the B caldum Hno, and the ipectrbhellograph la 
given cantlnuoni motion, we obtain spectrahehograins as In fig. 57 , (p. 110 ) showing 
the distribution of MWmn vapour over the sun's disc. The whole of the eon's 
surface in this, and sUnflar photographs, is seen to be covered with minute clouds 
of caldum vapour of about one aanad of arc In diameter and separated by 
dark spaces similar to the well known granules of the photosphere. Them u 
however a cnradderaMe difference be tw uan the two. 

According to LAwauY*a hypothecs the grains into which the solar snrfacs 
is ieadved, Under good visual conditions, am the extrsmltlea of cahmma of 
vapour which rise from below. They appear to characterise the regions where 
the convection currents draw the bated vapour up to a height where the tem¬ 
perature is so reduced as to give rise to canonnaathai. Haib suggests tost over- 

1 Is the osss of Hm tUs pbsvim a nnn m flat ofasmd by Deuxz ( 28 * April 187a, 
lisa. O ps Ui 1 . ft, 1 , j^ja} and by Touae. 
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lying these minima arc othtr vapours which ore not bo easily >*wiAwinH and 
which therefore condmie to rise, ao that the granulation seen in the spectro- 
heliograph might bo columns of ascending caldron. We can go further and cem- 
cotvo that tho hi gher and mm extensive caldum are juet inch cohunna 
of vapour riling to aach a height above the chromosphere u to farm the pro- 
minonece which, in the majority of caw, axe actually composed of cslchnn and 
hydrogen vapour, 

Wo havo already referred to the facnlae, those bright patches visible near 
to tho sun's Umb which lie shove the level of tho photosphere* It was thought, 
at lint, that tho facnlae and cakdam clouds were identical, but it wai not long 
before it wax observed that there is a conridaraMa difference between them, 
ao much so that Halk dfatinguUhed the former by the name flocculL 

The floccnU are photographed at different height! above the photosphere 
in order they may be examined mid their structure ii w y ti ptwi- The 
caldum vapour emitted by the sun ia c om p ar atively dense at the lowest levels; 
at higher levels where the p r es s ure ia lw it expands and ao ha co mre more r arifled . 
Laboratory experiments show that very dm— caldum vapour trainees very 
wide spectral twtd* which decrease in width with decreasing density, nntfl they 
become sharp and well duHned lines. The B and K lines in the mlar spectrum 
demote the presence of calcium vapour of varying densities. The wide dark hands 
which, according to Hale's and Deblaxdbks 1 notation are known as B x end K x , 
are doe to dunna caldum vapour at low levels. In between sre the two nsmjww 
and hotter defined bright line* S % and K tl and between these two again are 
dark and still finer Hn- JJ g and K 9 , which are doe to doable reversal, th at is 
to the absorption of the cooler calcium vapour at higher levels. With the arpectro- 
hnHograph wo are therefore to photograph caldum vapour of different 
densities, or in other words, at different levels This ia done by setUng the 
second aUt nw>r to the edge of the wide bands B x or K x to obtain the distribution 


of vapour dense enough to 
produce a band sufficiently 
wide to enter the second 
silt. None of the light from 
the hi gher and Isos dense 
vapours can enter the se> 
condriitbecause thesbaorp- 
tlan bands are not Buffi- 
dentlywide. Therosuliing 
photographs of the floccuU 
aro s n nwriist dmAur to 
those af tbs facnlae. 







O o mp a a — fa sml fata—tty uiu— of the cstofam 
tt— K (Dnuniao). 


Jig. 58 shows the intensity curve of the solar spectrum aciespooding to 
the line K, the lines represent the settingB af the second iHt far photo¬ 

graphs at dlitorent levda. Three tv* are well marked in figs. 59 
toti 5 ). The fiat of three shows a portion of the sun near the limb photog r aphed 
by Fox with the Routobd spectroMo gra ph on the 25°* August *9<>*ithe wecaad 

slitwumovedfromtheedgetothecentreof line The other spectrobdingrams 

were by Hatx and Khximaw with the seme instrument and with toe 

same shifting of the eecand slit an Une B» The calphnn vapour floating ovretoe 
edge qf the sunspot at the level af the line H, fa remarkable, and ti incagpectiaa 
with the spectndxhogrcph we ore also the velocity recreder it wfil be powffa 
to sw«t£S^^Snimdti» velocity of the motion, as wdUetire distribution 
of the vapours which constitute the flnconH* 
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We see later the results of the determination of the velocities for the 
general circulation of the solar atmosphere and in the disturbed areas. Spoctro- 
hrfograms of this type occasionally show floccnll remarkable lev thdr lvuUancy 
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PI*. J9. SpectiBfc«Ua*noD» obtstud aa 35* Ai*. 1904, with dlt s oltln gi ipprusafaiii* 
the c —U i at H lhie. Onlar: from Inert upwards (Pox). 


In regions In active suptica The vapour which is very huzdnoni because of 
Its Ugh temperature, or from other causes, is a unte d from the sun with great 
velocity, so that rapid changes taka place in the shapes of *h— bright floccnH; 
the ordinary floccnH undergo riow changes as a rule, tmtiraring le« disturbed 


i • j 


U. 
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condition*. The brilliant ffuptlve floccull always appear in active regions of 
the solar surface and are jrooahly nano other than those which we shall loam 
to know as eruptive prominences when they are ®cn an the Hmb. Although 
tho eruptive floccuH are probably In many cases identical with eruptive promin¬ 
ences, yet wo cannot ranrjnd* that tho quiet dr quiescent calcium floccu H axe 
with tlw quiescent cloud-shaped prondnencoa. In tho majority of cams 



Pi*, fix Suspots. October 1903 (iff 1 59“>- High H i level (2 3967 , 5 ). (Hale and 

Huami.) 


the floccuU seen in auectrohellograniB rep rea un t vapour at a comparatively low 
level, while tho prominences which extend above the level of the chromosphere 
do not, u a rule, abow up as bright objects projected an tho disc. 

Hlthgto we have only conddoed photographs of tho son taken in tho light 
of the H and K tinea. Naturally the lines of other elements can bo nod, provided 
their width is suited to tho given dlsparion. A Hno which has boon extensively 
used with apectrohcHographs ew rinne technical advancoa In photography have 
given us plats senritivo to rod. Is the Set hydrogen Hne, which has revealed an 
Interesting structure very different to that shown by the calnhmi Unas. Hals 
and TCTJjgMAii first ured the hydrogen Bp, By and BA Hues; than revealed 
dark hydrogen flocoili instead of bright oos. Bright hydr oge n floconll may 
be seen in disturbed regions, some are of er uptiv e origin ■Hnilwr to tho caWtim 
flnccnH. Such regions are usually in the humndiatr neighbaishood of spots, 
where it Is probable that the temperature of the hydrogen is considerably higher 
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than In tho surrounding areas. The dark appearance of tho ordinary hydrogwi 
fkxxoU Indicates, lor aomo reason, that that gas radiates las li gh t tho 
nuiwmdbg hydrogen, probably bowmen the latter, alts dtffuskm , spends as 
an almost uniform layer over the son's surface* The most natural hypo thesis Is 
to amn o that the mtidnishod brlghtnen of the floccuH Is dao to a deerms o 
In temperature in the higher chromosphcro where absorption go bohiy takes 
place (flg. 64, p. 



n 


Big. 63. Buwpots. October 1903 (10* 9*^}. tarsi (1390M)> (Hus end Hluuux.) 

Spectrohellngrams taka with the Ha Him show that the strnctnre of the 
hydrogen ftoccali Is even mare delicate and detailed than that shown by 
other Unas , because, ss we learn from ecHpaes and from the du ff-mi natim of 
the rotation period, h y dro g en attains its maximum height in the visible radla- 
tkms (fig. 65, p, 117). 

Spectrograms promt different appearances depending upon whether the 
whole or only port of the Ha Hue Is used 1 . If the opening of the sscand sUt Is 
wide enongh to contain the whole of the line, measuring about i,7 A, then we 
obtain photographs of all the floccuH whatever the)r levels may be. But if the 
second slit Is set at various distances from th e centre of Ha we are then abb 
to sort out, given sufficient dispersion, the diffe r ent levels and the dtffarent 
structures, as in the ease of the H t and H t tines far the calcium floccuH. 

1 Rita, Buknuv, Leaden RBBrae 83. p. 177 (1009) and nevus, MM 83, p.444 
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DnLAimaBa noted that at the centre of Ba the appearance of tbolloccnll 
la very different from that obtrinad by netting th« ■mynd on Its ndgiM, and that 
the background is usually dark, bo that the ao "filaments 11 , or long (lark 
flnc cuH Indicating a higher level, dead out in enhanced contrast in the photo¬ 
graphs. Tho bright floocuU alio show up and are to cow largo aiuos. A 
striking example of than filaments Is givu n in flga.66and 67, p, 11H, where wo ara 
able to compare the floccnh and the filaments In the upper strata of thu unlnr 
atmosphere with the Urn (width of ilit 009 A) and tin Ba lino (width of 
rfit 039 A) respec ti vely. 


i 


(a) 


ft 


M» oe Mnm -Hi aad (b), hydngw Ha flanoH compand (Kunaur). 
d ^S?^? c J aiE ^ loctrohal ^ taken with the Ba lino, lint 

noted by HAU,n the cycknfc vertical appearance eapodaUy of tho dark fkiccnll 

w “ "» «“ to « snrrotmd the spots, which led him. aa wa shall n» later. 

of magnetic fields in i map oti . Them solar vortical may bo 
* *g£ «P* «“* ®ay ba regular In form (ng.6fl.pM19) or they 
* ,pot i 1x1 T hldl «* th* Btrnctnro Is man 

T ^ appesrsn a of tharimplavirtii indicates a dochwiaa 
iwhjrim in the southern hemisphere, counfp-dockwim in the northern, of tho 
vapoora pro dndiig them, a imin g that the direction of the motion la Inward 

* MtTOmCntr Haafi (igot) or ApJ g& p.iOO (ipOQ. 
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towards tho spot. Wo cannot however tako this as a general law on the analogy 
of terrestrial cyclones, because we often have spots r^nm* to «»rh other In the 
same hcmkphcrQ, often belonging to the same group, accompanied by vortlcefl 
rotating In opposite directions. 

In some cases then vortices appear to exert a powerful attraction an the 
surrounding gasesi thus, for rnmnifiln, Sr. John observed a tong dark filament 
near a well defined vertex centered on a aonspot; tho nucleus of the spot resolved 




Fig. 63. fern's dfao ph o t ograph ed st 30. WJhna fa& Bm Rub (ij^ Ang. 1917). To be cnav- 
ptrsd with the phntchsHognun, Hg. 33, p. 85. 

Itself into two, and In a few hours Spcctrofrdlogrma taken with the B* Hue 
■bowed that the Aliment had not only extended t ow ards the spot, but that an 
nabbing it had divided into two brandies, each of which came hi contact with 
one of the nuclei as If these farmed centres of attraction. The mean velocity 
of the motion towards the spot was over loo kflometras per second. Photographs 
takm an the following days showed a bright h y drog e n ring ronnd the spots. 
This wu probably due to the cool hydr o gm which, liter sinking into the spot 
where it bees me nested again, returned to the sarfoce escaping from the lower 
portion of the vortex. In this particular case it appeals tint same of the phono- 
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Pig. 66. Bpntn*dk«rmm In light of aOdbra. High bral, 31* Man* 1JH0 (Dnua um). 
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mens of an actual solar vurlex were observed. Such cases ere not common, 
an the contrary in many Instances the hydrogen floccnll do not seem to move 
either towards or away from a spot, although changes In brightnere arts noted 
as if the physical conditions of the gases were continually changing. 

As the result of the examination 1 of a number of apoctrobdlograma taken 
at Mount Wflean it is considered that the proper motion of tho dark hydrogen 
floccnii in the neighbourhood of spots is not well defined. A tendency for tho 
extremities of tho floccnll to closo tho Interval between It and a spot seems to 
be certain, bat not the contrary; if there is a tendency for tlie floccnii to move 
away from a spot. It is c onn e cte d with a periodic movement, that is to my 
with su cc—l vu motion to end from tho spot. The floccnll do not move as a whole 
like a rigid body; on the contrary, while tho extremity nearest tho spot apranocheu, 
tho other recedes from the spot, and tho two voted tins may bo very different: 
all tide Indicates that the dark floccnll ere eruptions of hydrogen projocted cm 
the disc. 

The proper motion of the floccnll varies from sero to a maximum of 100 kflo- 
metres per second, but the more nsoal velocities aro 1cm than 50 kflometrea 
per second. HoecuH are often lancet shaped, the paint is directed towards 
tho spot end not only makes contact with it, but usually enters about hall 
way into It, rarely touching tho undoes; the breed end faffcs away into tho 
■alar background. 

Than is Httle doubt that floccnll are due to absorption, and to oxplain tho 
changes in their structure several hypotheses have boon put forward, lor oxunplo, 
that of Bhbhter 1 baaed an the phenomena of the aurora in our atmosphere. 
He suggests that the phenomena observed in photographs token with tho Ha Hno 
are not of a hydrodynamic nature bat, accepting the views of BraxxLAWD and 
others, they may be due rather to electrically charged pnrHri™ which, it is 
■opposed, are emitted by radioactive matter in snnspotm, and that these particles 
suspended in the solar atmosphere produce hmdnolcence. According to Biaxx* 
laitd’s theory the drape of the a u rora is determined by tho earth’s magnetic 
field. The same hypothecs applied to the sun might Indicate that tho can- 
figuration of the floccnii is goranied by the magnetic field in tho roots. 

Taking the bright floccuh of eruptive origin, which are generally idiort-Hved 
and change their shape rapidly, we hive seen that they appear ip apoctrobollo- 
gnuns taken with E % or with the contra o lHa, bat they ao not usually appear 
when the s econd aht is sot an H x or an the odge of Ha, If they are eruptions 
of intnnaely heated vapour we should expect their brightness, at the lovul of tho 
photosphere, to be at least equal to that at highw levels whore the affect of 
expsnmon naturally tends to coal the vapour. It thereforo Booms probable that 
the exceptional brightness of these eruptive regions is duo to some other wn|n 
which, affects the vapoor after It has risen above the level of E x , A separation 
of the positive and negative kms in the moveable gaseous mass may produce 
electrical di s char ges. If ws sswnmc that the fHThMy e continue far some time 
we ma y, ptflrap s, find in there some explanation of the in tense luminosity of the 
eruptive vapour. Electrons, emitted in great number in the low prerenre regions 
In to w hich the vapoor has been rapidly borne, may also contribute to the 
huntnrecence of the vapour in question. 

Since terrestrial magnetic storms are usually —printed with gro up s of sun¬ 
spots when eruptions are numerous, it »*»«■ probable the ouptiona may 
contribute la rgely to the flow at electrons from tlra nm to the garth. It must 

1 Uwie dogli Bpattr. It*L 39, p. 10 <1910). 

■ AnatBrao Junary 30. 1909. 
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tod that the luminous eruptive regions seldom or now show signs of spiral 
like the vortices of thn dark Ha floccuH. 

Vc» have referred to tho dork floccuH as the effect of absorption dno to 
B-vo.ttvdy cool hyd rogen; yet tho changes they undergo are each 

Btiggut tho posslbfmy that absorption may be partially counterbalanced 

10 luminescence caused by currents of electrons. Tho intensity of the dark 
iU changes from dark to darker, and the fluctuations are paindlc In character. 

who investigated those phenomena by taking a long series of photographs 
fcorvnls of about a minute, concludes that tho hydrogen of this floccuH is 
ct to periodic variation which may bo caused by an inter mitten t bambard- 
of electrons, but he also adds that wo must not km sight of other possible 
s, such as differences in volume, pressure, and temperature, and the level 
o Baa. 

-crutein other phenomena cannoctod with the floccnll may bo more easily 
-i ned by oouldering them as eruptive prominences projected on the sun's disc, 
ing examples are fltastrated by the aeries of photographs (flg. 70, p. 122) taken 
line Ha on tho 40** September 4908 at the Mount WUsan Observatory. 
h 33 m i Pacific Mwm Time, a small bright flocculus was seen on the edge 
sunspot. Its brightness and area increased rapidly attaining a maximum 
, 3Q IT1 . In tho meantime a dark flocculus appeared an the farther odge of 
>irflfght flocculus, that is away from tho sunspot. At 6*43* the area m the 

1 1 flocculus decreased and was lea than half the slse it was four minutes 
ir, the dark flocculus stretched away from the spot Hke a long filament, 
ably of cool gas'descending, and eight minutes later it attained its maximum 
:lx and appeared to bo very dark at iti outer extremity. At 7*0* no trace 
iq "bright flocculus was visible end the dark one was shorter and lea dark. 
On tho hypothesis that the phenomena of tho floccnll are of the same nature 
lose of the aurora, it is reasonable to suppose tint large spots with intones 
notlc fields should be more capable of prodndng alterations in the structure qf 
lydrogun floccnll lying at a greater distance than small spotswithweeing fields. 

we find, in practice, that «n™ small groups of spots are surrounded by 
'ogon floccnll which show an extensive cyclonic structure and which extend 
distances equal to one third of the solar diameter, while large spots with powers 
nagnetio fields frequently only effect the floccuH over a modi sms Tier area. 
kq phenomena make It difficult to accept the ele ctrom a gneti c themy, es pecially 
a know of cues of large spotlam regions covered wHh floccnll of spiral structure 
90 spectrabrilognunsm Ha suggest the shspo of tho lines of force in a magnetic 

In conduslan, and in support of the view that the bright floccnll are, as 
lo, arnptive prominences, and that the dark anas bekmg, as wo shall an later, 
.TlO quiescent type, wu have only to glance at the fine aeries of spectroheHo- 
ns taken by Eujqmam at Mount'Wilson betwem the 27** and 30" July 4917 
l tbn centre of Ha (flgs. 74, a, b, c, d, p. 423). When the bright and dark 
;uli approach the limb they are seen raised above it like mare ar less intense 

ninancaa. _ 

XHe movements of the f&occull over the solar surface supply us with the 
ns of investigating some of HWr charmctsistlcs, such si those (hie to the sun's 
tion at the particular level in which the floccuH are to be found. 
Prom the ap oct rofaeH og ram e taken at Cambridge by Bunn 1 between 494$ 
•1930 with the K % calcium line it appears that a considerable number of 


* Mlf 82. p.334 (1922}. 









tend to stretch out in a deflnita direction In oach hem isp here and inc 
towards the equator and towards the west. The Inclination measured from 
perallflls of ladtndo varies from 0° to 40°; in a few cases the angk) is groa 
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bo observed a dark narrow column overlying the bright pramiucoce; till* h 
explained u an absorption phenomenon, became the cohmin dlaappearod uikI 
revealed the underlying hmrfnoua hydrogen aa loan aa the aUt was moved in 
another part of the line. On another occasion (17** February 1926) the slander 
trank of a pnunlit cnra on the Uznb reached In wards aa far aa a snail spot; 1 (h 
extremity at that point wbi decidedly curved, clearly showing the alsnrMiig 
gaaes entering the vortex of hydrogen surrounding the spot. Eighteen Imhith 
later the imminence waa no longer on the limb, but was accn an the dine ua il 
diffused object greatly reduced In length, aa if the slender trunk had been drawn 
into the vortex which was still plainly visible. 

Two other prominences wen noted aa long narrow ridges and high arches; 
both appeared dark an the disc when the second slit wu set near to tho cnilm 
of Ha, but on moving the aUt towards the edge of tho line high dark mnmw 
were Been to rise from a large bright substructure, probably constating of 1*4 
gases at lower levels. 

In the o-uptf vB regions, near tho centra of tbo disc, the maximum intoiwHy 
of the bright floccuH a to be found with the Kcond aUt on the vinlot shin nf 
Ha, denoting a rising of incandeecent hydrogen. At high altitudes tho gun 
cools and produces absorption, and tho resulting dark floccuH are soon In 
their descent towards the surface when the second sHt la moved towards tin 1 
red. The meen velocity of the ascending and descending hydiugun la readily 
measured when tho exact position of tho sHt on Set Is known. Solar erupt Ion* 
can be easily observed ana their p r ogram billowed with the apectroheliaacnpii; 
usually they axe confined to small areas ammu n dln g spots of active gnmje, 
that is, foflowing spots aa a rule. 

At times these eruptions attain extraordinary dimensions; far example till 
the 24 th January 1926 when Hale was observing a bright eruption in and 
around a large group of spots In 22* north latitude, the configuration of tlw 
eruption changed rapidly and Ha waa ao di s t orted that the dark and rajddly 
descend in g floccuH woe visible when tho second sUt waa displaced toward llm 
red fur beyond the Une. The eruption continued throughout the whole of list 
next morning end the greater part of that afternoon with extraordinary brilliancy; 
the D\ and D % sodium fines and D 9 bottom wore reversed and showed up wry 
bright over the large spot, hut at some points fallowing the spot D m epprsivd 
to be dark and greatly distorted toward the rod. On tho morning of thu 26th 
the great eruption seemed to be over, but at midday a small bright eruption 
whs seen for a few minutes at one end of the bridge iam tbo spot. On tbo 27** 
another small brisk eruption appeared near the large spot In connection with 
this great eruption, we may now recall tho brightest red aurora aeon for many 
yearn which appeared In Norway an the evening af the 26** January, and tlm 
intense magnetic storm which began in the afternoon of the same day and liHtal 
until the following morning/ and affected the whale weald. Fnnn tho oImt- 
vutione just described, there are hopes that we may shortly ho able to study 
end fallow the relations between tan wa tri nl and aider phenomena, 

13. Determination of the Sun's Rotation from the Motion of r-al« 4 i*rn end 
Hydrogen FloccuH, Several observers hove determined tho sun's rotation period 
from the hydrogen and nlrimn -fW*mti. Thu first w urp tim u m fhoen of 
Hals and Fax 1 from a aeries of spectroheliagrainfl taken at the Kxxwood CH>- 
servstnry between 1892 end 1894. then follow thorn af Fax from observations 
made betwe ai 1903 end 1908 with the Rumvoxd spectrobeHngraph 1 ; next am 

1 Carnal Iart. oi WuLingLuc, PiU. Kb. 93 (1900). 

■ PnU Yedns Ota 3. p. 67 (igai). 
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tboso of Kxupp from spcctrohaUagruins taken at Potsdam in 1906 1 , and lastly 
the measurements carried oat at Mount Wilson 1 . These detandnationa cannot 
ho expected to attain a high degree of accuracy became of the difficulty of 
kkmtllylgg the imo rnfaranen points on the flnccnll dnrlng nn« nr mgBiev ulntiflna 
of tbo sun, and also because of thdr proper motion; nevertheless the results 
obtained by the dUforent o lrur v un do not differ from eac h other by more than 
the dUfcroncot between individual sunspot ar sp e ct roscopic determinations. 

Tho Hale and Fox raoasuromanta were made with the hefiomkrometor* de- 
vlmdbyHALX, which consists of a metallic globe on which are engraved, far every 
degree, the meridian Huai and tbo parallels of latitude. Tho axis of the globe 
is given the seme inclination as tho sun's axis on the given date, and the spectre- 
heHograma are projected cm to tlio globe by & powerful electric lantern 10 that 
the cxiuutatlou of the pint" is quickly done; the iwikyphlc latit udes of the 
floccull and tlkdr differences in longitude from tho centre of the sun are read 
off directly from tho drelos on the globe. Later imp ro vem ents woe effected, 
and instead of reading tho coordinates directly off the globe, a theodolite is used 
far thdr determination, and also to compare plates taken on soccemtve days 
as with a s te ro o c om parator; tho areas of the fLoccnH can also be measured at 
tho mme time. About 4000 points cm 285 plates were examined by Fox In Us 
extended sodas of measurements. The diurnal sidereal motion rf oaeh point 
was obtained, in the majority of esses, bom the motion measured on two pistes 
taken on suecenlvo days. After reducing synodic to sidereal motion the renalts 
were tabulated for every 5 * north and south latitude os below: 


¥ 

« 

P 

r 

« 1 

P 

i m .n 

14*,56 

34**72 

32*|30 

14M3 

35*.50 

7 .Bo 

14 ,J1 

34 31 

37 .17 

13 .9B 

35 .75 

13 .56 

14 JB 

35 *03 

33 ,03 

13 ,75 

26 .18 

17 A9 

14 .30 | 

35 ,17 

37 33 | 

13 ,43 

36 ,B1 


Tho above can bo represented by the empirical formula: 

£■■11 ®,$84 -f 2*,976 cos 1 p. 

Taking the two banrispberoi separately Fox found that the velocities in 
the southern hemisphere were greater than in tbo northern, and moreover In 
the yean 1907/08 the velocities, at least in high latitudes, were somewhat higher 
than those in tho yuan 1903 / 05 , as will be men from the table below: 


¥ 

4 

W-WOJ 

IVh-tfM 

DSL 

¥ | 

I 

iga3—<w 

4sv—ws 

net 

5'.0 

14*.57 

14*.54 

— 0*<03 

3$\0 , 

13*.99 

14M8 
14 .0+ 

+ 0M9 

15 JO 

14 .90 

14, 40 

+ 0 .10 

35 JO 1 

13 AO 

+ 0 .56 


The differences on the swage an rather wnaTi wnd therefore we con hardly 
admit thdr real mdatenns, but as spectroscopic investigations show that a 
variation In .the period of rotation is poadble In course of time, it is as well 
to note these results. 

Examining the proper motion of the floccull near to sunspots, Fox traced 
the existence of cyckrdc motion which is exactly what is shown so dandy by 
the Ha fjoccnlL 

1 Fatal Ai im phy Ota Potrf sm Mo. 71 (1916). 

1 CanNfW Imt erf Wodriaftoo Fatal Ma 1}S (1911). 

■ ApJ 35, P-393 (1907). 
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The various periods o i rotation aa derived from the caJdarn floccnH arc os 
follow*: 

Calolun Flocenll. 


r 

HiuSm 

Mama want 

Km* 

ta 

Hiu 

0* 

14",7U 

14 Ml 

14 M3 

14'.56 

14*,53 

5 

14 ,59 

14 .38 

14 ,41 

14 .54 

14 A* 

10 

14 M 

14 ,39 

14 ,37 

14 ,47 

14 .40 

15 

14 ,30 

14 ,91 

14 ,99 

14 ,36 

14 ,31 

90 

14 .17 

14 ,97 

14 ,19 

14 ,21 

14 a 1 

35 

14 .03 

14 .17 

14 ,06 

14 .03 

14 ffj 

30 

13 40 

13 .96 

13 .93 

13 .83 

13 A9 

35 

— 

14 ,04 

13 .75 

13 .58 

13 .79 

40 

— 

13 ,92 

13 .58 

13 .33 

13 JCA 

45 

— 

— 

13 .40 

13 .07 

13 Oi 


The agreement among the different observers ia satisfactory, and comparing 
than results with thiwa obtained from sunspots and from faculao, wo notico 
that the vulodtdoe derived from the faculae arc ahnoot the same aa than derived 
from the calcium floccnH, aa might have been expected; the roots however 
give a rotation angle which ia leea by an avenge of O'.t In all lamndca. Fmm 
then two phenomena of solar activity, at any rate, wo begin to And anno con- 
fmnaJtlan of the hypothecs that dUfaunt levels sxbt in the solar atmosphere; 
the bigter levria give greater velocities. 



Tig. JX Hd sttn 


camvl by tiie mMui Doom 11 (Tax). 


Another remit which wu to be expected b the dbbfbatUm of tho anal 
of the floccnH and the pcogrerelve movement of maximum areas towards the 
equator during the cduxsq of the cycle, aa in the case of sunspots. Fox 1 ! ob- 
aarvatlons an represented In fig. 73; tho motion of the aooa of maximum oral 
In anecettivu yean 4903—1905 (1905 woe a year of maximum activity) b given 
on the right, and m the left the totab of the areas co v ered. Wo therefore con¬ 
clude that the fldccuH Bones are either associated with annapots, cr exist in 
latitudes where there b a greater frequency of spots. 

Determinate)ns of the period olthq snn'a rotation from tho hydrogen floccnH 
are very rare an account of the difficulty in measuring them and beouxso their 
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form la very variable and ill defined. Yet the detmlnatiana carried oat at 
Mount Wilson Mem to leave no doubt that the period of rotation ao derived 
dlfTcrB considerably from that ckrivod from the calcium floccuH, and therefore 
paints to a different law of rotation 1 . These tksterminations do not show equatorial 
acceleration, but point to a diurnal angular motion whose mean value is the 
some in all latitudes: £ 14°,6. It la Interesting to compare this figure with that 

derived from the lino Ha with the spectroscope; wo shall refer to this later. 

From observations taken at Kodolkanal, Roths 1 was able to obtain the 
velocity of the dork filaments by measuring the longitude from the central 
meridian of such portions of the filaments as could be Identified in succeed yb 
days. The results show rather largo differences, but the mean, £ ■« 14"A con- 
Anna that the hydrogen flnccull and filaments have a greater velocity than 
the calcium ones, probably becanao of their higher level. In fact if tho bydiugeu 
filaments are nothing nli thou prominences projected an the disc, their angular 
velocity will bo that proper to thdr level on the photoephm. In Royds* measnre- 
manta, for example, the avtrago height of the filaments in relation to their velo¬ 
city is about JO" above tho mean level of the photosphere*. Still greater 
values for the angular velocity In different latitudes have been found by 
Evusked* from tho spectra of tho prominences (H and K calcium lines) taken 
at moan halght of JO*. 

14. The Spectra of the Centra and Limb, Spots, Reversing Layer, and 
Chromosphere. Absorption Lines due to the Barth's Atmosphere. When the 
Bun's disc la projected an to tho tilt af an ordinary sp e ctr osc o pe we see the remitt¬ 
ing ap ccUnm furrowed with absorption lines. They were first discovered by 
Wollastom In 1802, and were also discovered Independently by Fbaciveoiu 
In 1814 who studied them In detail, drew the first map of the solar spectrum 
and smlgnnd letters to the prindpal fines, beginning from the rod end. 

Tho spectrum af the sour disc fa that of the photosphere; it is practically 
constant as regards tho number, position, and Intensity af the Hna so long as 
the portion af the disc observed la at or near tho centre of the son, and is free 
from sunspots ar eruptions. Tho visual spectrum fies between l 4000 and 
27000 in tho sequanco of its colours, but predao limits cannot be defined 
became much depends an tho MnsItivBMM of the eye to the various colours, 
and an tho brightness af the spectrum. Photography, however, wishing ns to 
extend those limits coariderably both towards tho violet and red ends, and 
when special Instruments ore used, such os spectroscopes with quarts glam 
jrlani far the ultraviolet, and rock nit prisms for the Infra-red regions, the 
Unfits con ho still further extended. 


From solar ecHpees, during the brief period between the second end third 
contacts, we learn that a lay* of incandescent gas of a certain depth, known 
os the re versin g layer. Is what produces the Faauinionn fine s; in ecUpaes 
these are, h o we ver , bright Instead of dark. It la in this stratum therefore that 
wnfisrimi fines are prodncod, and they only appear dork by contrast with the 
unde rlyin g photosphere; the latter produces a contimkras spectrum. According 
to Kikchhott’s law tho appearance ar non appearance of lines is only doe to 
t emp erature radiations, that is to My that tee radiations emitted by bodlm 
depend, qualitatively and quantitatfofiy, solely on. their temperature. Modern 
theexy and research have led us to believe that the p ro ducti on of the fines do 
not depend upon temperature alone, but also upon insure. The loifiration 


1 Ap J 37, p.219 (1900). * Mil 71 . p. 7« (Wl). 

■ 9m afao tfAsanvia, CH. 176, p.9SO (1923). 

. ‘M.N. 88. p. 136 (1927)- 
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theory la what, at tbe moment, seems to agree bet to 1 with observed facte, and 
on tint theory we nk to explain how, at the temperature and pra w ni ro pre¬ 
dominating In therevenring leyar, the lines of various elements may bo present 
or absent, with the atoms in a neutral condition, or Ionised onco, twice, or mare 
times. 

Since Fraunhofer 1 * time more sccnrato maps of tbe solar spectrum have 
been drawn, and, with ever increasing accuracy, measurements of tho wave 
lengths of the different lines have been undertaken. Tho most accurate and 
complete remits ere those of Rowland; two sections of his map in tbe red and 
in tho violet me reproduced in a red need scale in fig. 73 . A concave grating with 
about 20000 rulings was nod and in tho “P reliminar y Table of Solar Spectrum 
Wave Lengths '' 1 the wave lengths and the intensity of the lines on an empirical 
scale an given together with their identity, whore pomlhle, with known ter¬ 
restrial elements. By the cod riddance of the Una in the solar spectrum with 
thorn of known elements, these are identified and their existence in tho revers¬ 
ing layer is thereby fully atabUahed. Tbe list of dements idondfiod in¬ 
creases slowly because Mentifiratim is by no moons easy work. Some dements 
are only present as co mp ounds, for *™mpln n um ero u s bands of cyanogen and 
ammonia, which are c ompoun ds of nitrogen. 

Of the 92 elements in tho periodic system 46 have so far been certainly 
identified in the son, for othere 17 tho evidence is not quito condiudvo or weak, 
as follows 1 : 


Class I. Elements certainly prssont In the Bnn: 


Aldafcaranium 

Copper 

VmpniM 

Samarium 

Ahunfcaluai 

Dyvprnainm 

Nitrogen (In 

SaamUnm 

Barium 

Erbium 

compounds) 

BOlcon 

Bay Bum 

Europium 

Neadyakun 

Bod him 

Carbon (con- 

Inm 

Nickel 

Strontium 

poands only) 

Gadollnhun 

Nlobhim 

Titan iam 

Cud am 

Hafnium 

Oxygen 

Tbnlhun 

Cadmium 

TTiiHnra 

Palladium 

Vanadbun 

Cerium 

Hydrogen 

Praseodymium 

Tungsten 

Caaatom 

AJurtiUUDffl 

Potwatam 

Yttrium 

Chromium 

LltUnxn 

Rhodium 

Zinc 

Cobalt 


Sntbenlnm 

Zircon him 


Class XL Presence probable but the evldeeoe not qnlto oonelnslvo: 


Galllsm 

ISdlum 

Lead 


Nncbnim han 


Hiden n 

8flver 

TsUedim 


Them am 
Uranium 


Class m. Presence possible bat tbe evldcnoo woak: 

Odd I GermanbnB I Tarthua 

Bmtm | Tin | Thorhrm 


Argon 

Autlmuny 

Anmdo 

Btnxmth 

Broxnbae 


Class IV. No svldenos for p 


Camlopdnm 

Uaroary 

Chlorine 

Neon 

Floodna 

PbcaplKw 

I rid him 

Badmm 

Krypton 

RnbkUnm 1 


Bdmdnm 


Bol phgg 


Tantalum 

Xeona 


1 Ap J 1 to 6 (1895—1899). 

1 Stmatto w, Aetr n a canical Fhyrim, p. 41. I*adtm:Metfcnm(ipa5b aide kind omimraii- 
cation la auDicdpt hos Bxunw and BuiinuiL 

* According to Bnu. (Ap J JJ, p. 135 (19330, BsUhUnm Is palmit in snrepots. 
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3 S 

Ruwioxd'* map extendi frpm 12975 to A 733* (A*- 75)* but other woriosn 
hire aytmdad it beyond than Hrnlta. Thai Fabky and BonaoM 1 have inveati- 


1 ApJ S4, p.^97u(l*i). 


Hf. 73* Two met tana of the nkr ■poc timu . Howlajid'* map. ■) from 1 3800 to 
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gated the ultra-violet and Buiors, meggers, and Brackett 1 the infra-red up 
to 19900 . 

The prance of atmospheric or telluric lines In the red portion of the 
spectrum is psTticnlsriyinfaEusting. Thera are tbggpdop lines due, not to the solar 
__ atmosphere, but to the turrcstrlal. 



If we observe the solar spectrum at 
a place well above aoa level, when 
the sun Is not far from the sonith, 
and compare It with the spe ctrum 
at sea level, when the sun to at 
great sen 1th distances, we sec In the 
latter many Hnos which do not 
appear In the former, and other 
lines are Intensified. The dlffcroro 
in the atmospheric depth through 
which the sun's mys have pan! 
in both cases to sufficient to produce 
these changes, and thus wo rocogntoe 
the Hues as of terrestrial origin. 

A further confirmation to ob¬ 
tained by obeerving the Doppler 
effect chi the sun's east and west 
limbs. The effoct of the sun's 
rotation to to displace at the llmhs 
the Fhaukhotcr tines which have 
tbdr origin In the sun; those horn 
the east limb ore displaced to¬ 
wards the violet with raepoct to 
their normal position at tho centre 
of the dtoc, and those from tho 
west limb are displaced towards 
the red; tbo otmnsphaic tinea on 
the other hand retain their posi¬ 
tion irrespective of tbo limb under 
observation and tlraa they are do-, 
finitely identified. Fig. 74 shows 
tho great differences in two port¬ 
ions of the solar spectrum in and' 
about tho D ■ndfnm tine one In 
moist, the other In dry air. 

Towards lnouasbig wave 
length, we have groups of bands 
dus to oxygon In the terrestrial 
atmosphere, also tines l 7772, 
7774 and 7775 duo to free oxygen 
in tho solar atmosphere, as has 
been demonstrated by Sr. Johk 
and confirmed by Meqgiss; 
oxy g au In c o mpound firm, such 
u oxide of titanium, to found lu 


1 Li* Ml 14 p. 64 ( 1930 ); Fatal Alleghany Obi 6 , M 0.3 Ap J 53, p. 131 (1031). 
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sunspots. Tho three lines doe to 
free oxygen form a triplet in the 
principal aeries of its emisdon 
spectrum (flg. 75); a doublet at 
1 8446 represents tho second sub¬ 
ordinate series. 

In the ultra-violet, Fahby and 
Bdibbok found absorption lines 
from onr atmosphere between 
l 2900 and l 3150, due to tho 
equivalent of a layer of osone of 
about 3 mm thick at atmospheric 
praam ro, tho tbickncm varying 
with time. They alao found that 
the location of this layir most bo 
in the catona! layers of the atmo¬ 
sphere beyond 40 kUomotrcs from 
the earth's surface; as an explan¬ 
ation of its origin, they suggest 
that osone is produced by solar 
rays of wave length 1cm than 
X 2000 which penetrate tbo ex¬ 
ternal layers only; longer rays 
dbaodato tho osone and prevent its 
accumulation beyond tho amount 
required far oqnuibrinm. 

Tables of spectra have been 
prepared and primary, secondary, 
and tertiary 1 atari dards of wave 
lengths have been established; 
these are constantly being chocked 
and reviasd, under international 
cooperation, so sa to obtain defi¬ 
nite points of refarenco hr tbo 
identification of lines,' and to 
further antrophvjdcal research and 
labwatory work in genres]. 

If the solar spectrum hum 
different psrts of the disc, at tho 
centra and at tbo Hmb, or tbo 
sunspot Bpoctrum, or that of tbo 
reversing layer, or tho chromo¬ 
sphere la examined, marked differ¬ 
ences are evident; there wo shall 
now consider. 

The s p ec t r u m of the photo¬ 
sphere Is daalfled as GO (Dsirap's 
das ri fle a H e m ) In the sequence of 
stellar spectra; in this dare the 

1 Gf. TtmnMctiom of tha Intar- 

niHnul AdmnnmliMl TT nVi X, H 

in (1032), (1915) and (1030). 
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series of h y drog en lines Is not as promlnnnt ax In 
the earUnr stellar typo. Far example Hy Is only 
half tho intensity of iron 2 4)26; Iran and strontium 
blend at 2 4077, B6 and calcium 2 4327 ore almost 
equal In intensity, tho broad lines H and K are very 
conspicuous, and tho continuous spectrum is almiwt 
of constant Intensity botwoen Hfi and Hi although 
there Is a slight falling off between Hy and He. 

If wo examine tho spectrum near to tho limbs wo 
observe three characteristic differences between it and 
the spectrum at tho contra; tboso dlffurunccs were 
first partially notlcod by Haotimgs, and were moru 
carefully studied by Hals and Adamb 1 later (fig. 76). 
Thao is, first of ail, a great weakening, and In some 
caaa an almost total dlaappcoranco of tho wings 
which some of the mace intanaa lines present at tlio 
centre af the sun. Secondly there is a slight widening, 
characteristic of almost all tho lines in tho spectrum, 
accompanied, in the greater number of caeca, by u 
decided change in their intensity curve*. Thirdly wo 
have a strengthening and woakaiing of tho lines 
which nearly agrees. In general, with what is ohser- 
vod In the sunspot spectra. Tho differences In the re¬ 
lative in tens! ties of tho lines are not vary marked in 
the less rafrtngiUo portions of tho spoctra, except in 
the case of the winged fines snch as D x and D § , iu, 
and 6 4 . In theao casts the wings are greatly reduced 
in intensity in the spectrum of the limb and tho con¬ 
trol portions of the fines are strengtlwmxl Tbrni 
effects are more marked in the bine and vkilot and 
still man ao in the ultra-vkdot. Butwuun 1 3 HI $ 
and 2 3 840 the appearance of tho spectrum is gruitly 
changed, tho wings which charncterixo tho menu in¬ 
tense lines at the centre have disappeared almmt enti¬ 
rely. TUs is probably duo to tho different depths of 
the layen which the rays have to travumi at the 
centre and at tho ttmba, in order to pam out of the 
solar atmosphere. Tho absorption of tho highur and 
thoefare cooler vapour would naturally produce a 
change in the relative intensity of tho Una; this, 
as we shall sec, takes place in tho spots, but to a 


There is, however, no reason to suppoao that 
there la tny great affinity botwoen tho two cIujhum 
of phenomena. In fact the details which tho spoctmm 
o f sun spots p teeo nts are such os to distinguish it 
dearly from the spectrum of tho photosphere at the 
centre of tho sun, which is, as we have add, of tho Go 
dam, while the sunspot spectrum belongs to the Ko 
daa, that is to a men advanced stage of development 
and to c o ole r temperature. The characteristics of the 
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KO dua ere: weaker hydrogen Hoes, the mlrlnm Hno ^4227 k considerably 
more intense than in GO, thoro k sko a continaons hydrocarbon band be tw e en 
14399 uod 1 4315 with a marked decrease of intensity between Hy and 5s 
in the continuous spectrum; tho H and K Hnea attain their maximum intensity 
in thk class. The more Important characteristics of the sunspot sp ectr um , apart 
from what refers to the continaons sunspot spectrum and the of its 

maximnm intensity compared with the solar spectrum, may be thna summarised; 

1 . Tho strengthening end weakening of a largo number of Hues; In the case 
of some demonts all lines ora strengthened, in others all are weakened, and 
in yet other demon ts there la both strengthening and weakening. 

2. The jraenoo of a largo number of Hncs which do not appear in the 
spoctram; many of then are grouped together in bands or flutfnga, 

3 . Tho widening and, in some cases, tho doubling, or even trebling, of 
numerous linos without apparent strengthening. 

Solar and laboratory research have yielded a satisfactory explanation of 
tho above characteristic* of tho spot spectrum. Fowleh, Hals, and Aoamb 1 
have, in fact, found that tho strengthening and weakening oho duo to lower sun¬ 
spot temperature, as p ro v e d by tho practice of Hu tings due to titanium mride 
(flg.,77, p. 1>4) And by the bonds of magnesium hydride. Olmsted found that the 
hands p rese n t in the spectrum of tho calcium are burning in hydrogen are abo 
to *ho seal in tho sun s p ot spoctram, and he has Identified a large number of 
Unci In tho less rofranglblc region of tho sp e ctrum . From his results it appears 
that tho spectra erf those compounds are sufficient to explain the majority erf 
the Hnea not idontillod as yet in the sunspot s p e ctru m. 

With regard to tho third characteristic, that la the widening and doubling 
of the Hnea which was thought at first to he due to reversal 1 , we now learn from 
Hsu's discovery that It k duo to the Zeeman effect, that k to the presence 
of magnetic fields in sunspots. 

The sunspot spectrum 1ms boon sub j ected to dose study and research, especially 
itMountWHson; to fadQltato operations a photographic map fflg.78, p.134) has been 
prepared consisting of 26 eoctkma, each ofwhich comprises ono hundred Angstrom's 
units botwoon 1 4600 and A 7200. Tho fallowing table of the Hnea affected by the vsr- 
ions elements in the region between X 3900 and 17000 summarises the investigations. 
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1 Mfc WDkii Cootr No. 11 , 15 . 30 .40 or ApJ 34 , 11.485 (1906); 3 J, p. 75 (1907); 37. p. 45 
(4908); 30. p. 86 (4909). 

■ C£ «. f. MmmxLL, Ap J S, p. 4 (1903). 
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The behaviour of the enhanced Unas is one of the moat intonating churur* 
terirtks of the sunspot spectrum, all of them appear weakened. Oat of a tnlnl 



of 144 contained In the above region, 130 are distinctly weakened, 14 show 
no change, and none an enhanced. Nearly $000 Unea of titanium oxide haw 
been identified In the mine region, and It haa been found that tta intensity 


Fa 7t Two Mna» of lh* Horn W^v pka«N}Mc map of the *-za*pm rpe z -.z ^ z:. 3 Sfesrcz -Sh: rcix, 
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of the fluting* In tbo sunspot spectrum increases with increasing wave length, 
exactly u it increases In tho spectrum of the titanium flame. There ia no certain 
evidence in the spot spectrum of any lino due to fluting for wave lengths under 
l 4500. About 600 lines of calcium hydride have been Identified in tbe sun¬ 
spot spectrum, and about 500 lines of raagnerium hydride, so that 78 per cent 
of the total number of tho lines not as yet Identified in the sunspot spectrum 
might bo idanHflnrl with the lines in tho spectra of these three compounds. 

Wo now come to the examination of tbo spectra of the higher layers of 
tbo ■»!«• atmosphere, namely, tho reversing layer, the chromosphere, and the 
prominences. All Iheso have been and arc still investigated during tho brief 
periods of snlar edlpeea 1 , but the spectra of tbe reversing layer end chromo¬ 
sphere are also examined in full sunlight, especially with soku* towers. Com¬ 
paring the spectrum of tho reversing layer with Fhaunhofeh’b we notice at 
onco that tho former is tho exact reveres] of tho latter, that Is to say, the two 
spectra coincide, but one appears bright, only became of the method of obser¬ 
vation, which is tangential to tbo Umb, so that there is no bright background 
to rnmin tho Unas appear dark by contrast as Is tho case when the Spectrum of 
the sun's Hiar. is observed. In fact, measurements of the wave lengths In the two 
spectra gauoralty agree and ««rii Hna in Fraunhofer's spectrum la changed to 
a bright line at tho beginning and at tbe ending of totality. 

Above tho revurelig layer la tbe chromosphere, but we cannot look upon 
the two aa separate entities: tho difference between them Is only a matter of 
difference of level. The reversing layer ant trim the greater number of lines 
produced in low levels up to about 600 kilometres in bright, where the de n a ec 
portion of tbo chromosphere bogies just above the photosphere. 

Tho spectrum of the chromosphora proper, that la above 600 kilometres, 
is very different to Fraunhofer's In tho Intensity of the Una, for, while the 
latter is essentially an arc spectrum, the farms more nearly approaches the 
spark spectrum and cm responds to an earlier type than the sun's spectrum, 
that Is about GO In Draper's daalflcatian. E special l y remarkable In the 
spectr u m of tho chromosphere are the enhanced lines which rise up to great 
heights above tho photosphere, beyond tbo ordinary lines; wq shall ace later 
on how this may, bo explained by tbe ionise don theory. 

Tbe results obtained with the 60-foot solar tower agree with odlpre ob¬ 
servations as far as tho elements reposentad by the majority of the line s are 
co ncerned, but they differ wklriy In the relative Intensity of the Hoes as compared 
with tbo dark Unas of tho solar spectrum. With tho exception of the hydrogen, 
ma gnaUu n, end sodium Hues, and of the enhanced lines In general, only very 
few of Fraunhofer's Intense Hues are represented by Intense bright lines in 
the spectrum of tho chromosphere, as photographed at the solar tower 1 . Usually 
tho ifrMM are still dark, with faint luminous fringes an both rides, probably due 
to their being at a low level Tbo more Intones lines of the rolar spectrum ere 
accompanied by wings rimtiar to th« of the H and K calcium Hues, which are 
due to tho denser vapour at the bottom af tho reversing layer. Observations 
^fcvci At the edge of tho disc show that these wings appear aa weak cmlodo n 
Hum, hut the central portions of tbo 11m, due principally to gas at a higher level, 
are dark. Tbe phenomenon Is the aune ss that af tbe double reversal af the 
calcium and hydrogen Hoes on the Umb. It ii probable that double reversal 
Is a general characteristic of sU lines in the spectrum af tbe low level chxamo- 
iptere, and If doable ravcrml Is rot visible it may be dne to tho falntnem of tbe 

1 ft** Mn cHXn. TTiillf. la tbk Handbaeh. 

• lUTOhanCpotr No. 41 ud 93 or Ap J 30, p. m (1909) and 41. p. ilfl (1915). 
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Hues, or to insufficient resolving power. During eclipses Mitchell observed 
doable ravaisl in the cue of the more intense tine* only, but several hundred* 
are recorded In the tsblei of the flash spectrum without eclipse of Adams and 



Buhwkll. In the great majority of carnal 
the Intern!ty of the two bright components 
is equal, and when It is not equal thorn 
aeems to be no special bias towards the 
violet or the red component. 

The large number of very faint- dork 
lines In tho solar sp ectr um , which are ropro- 
sented by bright lines in tho diromosphonj, 
is in. accordance with St. John's infunmeu 
that these Hues ana produced at a low lovd 
of tho solar atmosphere. A great number of 
these Hoes b etween 2 5050 and 2 5165 are 
identified with the green carbon fluting 
(fig. 79); others have been identiflod with 
cobalt, scandium, titanium, vanadium and 
other heavy dements, all of which are wdl 
represented in tho spectrum of the chromo¬ 
sphere. It is probable that mam of tho 
fines not identified may bo tho fainter enhan¬ 
ced fines of demonta which have boon imper¬ 
fectly investigated up to now in this port 
of the spectrum. Tho two hydrogen flues 
Hfi and Ha, examined by Adams and Bur- 
will in the chromospheric spectrum, show 
strong double reversal with tlicrir two com¬ 
ponents of almost equal intensity, A spudnl 
characteristic of Ha is tho apparent doubling 
of its red component dm to tho praaenen 
af an atmospheric line at l 6563,763 which 
falls an the centre of tho bright component 
and hence gives it the appearance of a double 
Hnc. It seems also 1 that tho bright compo¬ 
nents of Ha and independent of rotation, 
axe not symmetrical with respect to tho dark 
central component. Indicating that tho moon 
wave length of tho bright component Is not 
the same as that of tho dark one (fig, 80). 

The Helium D a line is tho strongest bright 
line and the separation of ite components 
is 0,336 A in Bgroemont with laboratory 
results. Davidson and Stratton 1 havo Iden¬ 


tified several lines of Helium In tho spec¬ 
trum of the chromaapboro during the oclipao 
of 1926 Jan. 14: lines 2 6678 and 2 4932 of 
the nraltiplot \ P—D are strongly shown aa also 2 50i6 of the aeries 1 S—P. 
The fine 24685 of He + Is intrmrieally faint, but extends to a great height. 


1 Pnbbl. R. Owiwtndn dl Anatrl 43, p. 13 (1936). 

1 Urafaa H. AMr Sac 64 Part 4, p. 113 snd 139 (1937). 
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H sodium and b mngnpiinm lines are very rimflnr In tbsir behaviour, they 
show wide donblo rovcnal with components of moderate intensity; fine cobalt 
Hues bib also reps mail tod In considerable number in the chromosphere. The 
en h a n ced linos In the photographs of the f1«h spectrum, at the 


i 


Tig. Bo. . Appaennoa of He Um at the limb and on pramlmoBB (Artotrl), 

tower, are of exceptional intensity at moan or low levels, just as eclipse obaar- 
vatkma have shown them to be at a higher level Double reversal la nearly 
always present in son-tower observations, but the reparation of the com¬ 
ponents n not so great as in the arc s p ue tra m. 

Ill Form ana Haight of the Chromosphere and Prominences. Spectrum 
of the Prominences, their Motion, Changes and Distribution. The chromo¬ 
sphere may bo seen with the spectroscope at any time, and without It only during 
echpus; its existence has long been known, though different o b a c ar v ers have 
given it different names. The spectroscope shows us that this coloured layer 
la ever pream t over all porta of the solar surface, although its ttdeknare Is not 
uniform. 

In order to eramtnn the chromosphere and to obtain s'definite conception 
of its struct.ure the slightly opened slit must be placed tangentially to the solar 
disc. If the Umb la some little way from the itit, then in the more Intense lines, 
such as Ha, Wo am the notched and fringed edge of the chromosphere in estate 
of continuous obollition, due In part to its p ro p er motion, and in part to distur¬ 
bances In the terrestrial atmosphere. At its lowest part, that is the part which 
is In contact with the photosphere, its colour is more vivid than In the higher 
regions; and If the eftit la radial, the tinea are seen to end In sharp paints. The 
height of the chromosphere appears to he greater or leas according to the in¬ 
strument uaod, for its apparent height varies as a function of the aperture and 
fbcaymgth of the telescope, and of the focal length and dtependen of the apectro- 
•cope. Measures of the height of the chromosphere are generally made by setting 
tiie atit normal to the edge of the atm and thoi measuring, with the ndoometar, 
the length of revert ed tine Ha from the point where the absorption line ends 
up to the point where the reversed tine m erge* into the background of the aky 
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(fig. 81). Itsctovation thus deter mined varies between 10" and 15", but during 
eclipses a faint red tinge has been noted up to a distance of a few minutes of 
sic. The fine filaments, or flames, of the chromosphere may bo all Inclined In 
the ssmo direction 1 ar they may also converge or diverge. Tbo chango of dlroc- 
tkm is sometimes most marked at the poles where a scries of straight and 
vertical flaw*— may be men rising above tire others; their appearance is similar 
to what h shown by photographs of the inner corona 1 * . 

In quiet regions, over wide areas, up to one quarter of tbo sun's circum¬ 
ference, the chromospheric filaments may be all inclined lu the aamo direction, 
and suddenly the direction changes; near the equator, and as a rule in disturbed 
regions, the filaments have tbo appearance of flames which change direction 

very rapidly. 

It would mem that a regular circulation In tbo 
solar atmosphere, which would be Indicated by the 
filamen ts being inclined in a definite direction at the 
level of the c hrom o s p h e re . Is ncm-eadstont. According 
to Sbccbi, during periods of solar activity the In- 
ettnetten of the filaments is more constant end regu¬ 
lar and la directed towards the poles; In quiet periods 
there la 1 am regularity, or at least It la not so general. 
Frequently, especially In sunspot regions, the chromo¬ 
sphere p res en ts a net-work appearance; the seothing 
surface seems to be composed of bright douds like 
__ __ .. .. the terrestrial cumuli, and some of them spread out 

Ejfcuil form elevations with diffuse edges. Those 

M Hm Una. elevations assume all kinds of shapes and dimensions, 

even developing into prominences; there is no well 
defined line between the two phenomena, but when one of these elevations 
da 20" or JO" It h defined as a prominence. 

The height of the chromosphere Is not uniform over the circumference of 
the solar disc. Respighi found that it does not exceed 12", and noted that 
it appeared to be greater at the poles than at the equator, and often lam than 12" 
under large groups of promlnanca 1 . His obrervationa wore made lu 1869, at 
a period between maximum and minimum activity; in 1875, near a minimum, 
Saron noted the mine, and also that In the polar regions, during periods nf 
general quiescence, considerable activity prevails in tho chromosphere which is 
manifested by the dimensions end luminosity of the flames. 

Regular and systematic measurements of the height of tho chromosphere 
during various cycles, reco mm en d ed by the International Union for Cooperation 
in Solar Remarch 4 , were b eg un in 1922, under the auspices of tho International 
Astro nomical Union. 1 . These du termlnmHnrai ore all the mere In te resting bocanso, 
according to Miuia'a theoretical Investigations 1 on the equilibrium of tho chromo¬ 
sphere sa b e t w een gravity and radiation p re tu ro, tho variations In tho height 
of the chromosphere are a probable consequence of the equilibrium adjustment, 
since the distribution of denrity Is very sensible to tbo immodlato changes 
which tho reversing layer has undergone. An atmosphere which is supported 


1 Snxi, Lo SataO VoL X p. 34. Buta (1877). 

1 8sa Mitchell, Safer B dti—, la tixfc Hnndbneh. 

1 Kota I, fat Aiii Acs. Ural, 8ml I, <M J. Die. 1869 and KotaV id. 8 * 

4 Tram, InL Ulrica tor Coopnfloa In Safer R—rah 4, p. 117 . 

• CL PnbbL R. Oaamtario dl Areatrl 39, p. 39 (1931). 

• H K 85, p. 132 (193fl awl Ota 48, p. 145 (1985). 


lVL 5 .Maok)lB 7 X 
Mandaatar (1914). 
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by radiation p na wiru will collapnc If there is a sodden decrease In the amount 
of radiation available, and although it may re-eatabllah itielf and adapt Itself 
to salt tho clianged conditions, the existing density, at any considerablfl height, 
may in the moan time bo subjected to great fluctuations. A decrease in tho 
intensity of aolar radiation, far too small to be othowiao perceptible, might, 
according to Hiura, bo the canao of a very great temporary decrease in density 
at a few tbonaand kilometres. 

Measures of the height of the chromosphere undertaken at Arcetri 1 in 192), 
at a aolar minimum, at every 30 " of latitude, and those carried out at Catania 
and Madrid, confirm that the height of the chromosphere la greater at the polo 
than at the oquatar, tho moan height at the poles being 10",0 as against 9",4 at the 
equator; in tho succeeding yean, approaching a maximum period, it appeared 
that the height waa mure uniform round the aolar disc. Mare observations 
extending over a number of cycles will be n ocem ary to determine whether these 
variations are periodic or Irregular in character. 

Another method for determining the devotion of the chromosphere, which 
might also bo employed for determining the aolar diameter in monochromatic 
tight, haa bean suggested by Fax 1 . Two diametrically opposite palnta on the 
aolar disc ire raflectod on to the slit of the spectroscope by prisms whose distance 
apart la adjustable. The double height of the chromosphere la determined by 
the difference h olv w « * » the maximum and minimum dwanrn of t>m p r ism s for 
which the light, coming from tho opposite Umbo, ahowa the chromospheric lines. 
Folds preliminary observations, with the Yertes 40-lnch telescope, give an 
elevation greater than 10". for Bet and greater than 8" far D*. 

Before the contemporaneous discoveries of Jaxhev and Locktkb, already 
referred to, it waa only poadhle to observe the prominences during the brid 
and rare moments of tofal aolar eclipses; since then we have been able to observe 
constantly, in the light of some of fh* more interne Hn— of ft* speotrum. 

When the alit of a spectroscope Is directed to a point an the limb wtere then 
is a prominence, we obacave ita apoctrom of reveraed or emladon Hues; these Unea 
an mare or loss Intense according aa the promlnenco ia more or las bright, ami 
they ere more or km numerous according to lta nature. Usually only the more 
intense Hnea of tho aolar spectrum are soon, hydrogen (Bg. 80, p. 137), calcium, 
and heUum; Ha la tharaforovury conspicuous visually, and the H and IT calcium 
linos photographically. At other times metallic lines appear, and time an 
■pedafly numerous, comprising poetically all the 
lines visfblo in tho chramoapbrno, when the obetx- 
vation la nmdo during total odlpaee becanae then 
with the whnrcnce of light from the photosphere, 

the background of tho iky Is dark, mid the con- A i- 

trait is enhanced. VI ■ISlj 

Tho visual method of observing the uromlnen- BOn 

cea infull sunlight, ia to open the sUt of the spectro- HH 

scope a few aeconda of arc ao aa to obtain, not the M \ _JIB! 

spectrum of tiie prominence, but ita Image in a given • * 8 

monochromatic Hgbt. If we set the aHt, tangentially 
to the disc, on the line far example, and on a 

prominence aa shown in fig. 82, then if the slit is a pjg. PrantMuraattlwllmb 
narrow one, as ia usual in tho observation of Fbauv- (Funmn). 


and it calcium 
and time an 


> 


narrow one, as la usual ini 


82, t hen if the slit is a pjg, P mmi— w at the iimi> 

1 observation of Fbauv- (Pmsubuis). 


40 at aaq. 


CL Bmdfcont! dd Lined te. 6 . 3 . p. 140 (19^ *d Pnfal. Owra to do di Azcdzl 
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Hoxn’s Hoot, we naturally see Ha ravened only in the region occupied 
by the nwnlnence, beyond it the Hue Is dark. The length and position of the 
bright Quo In the spec tr oscopic field c orre spo nds to the die and position of 
the- region of the prominence under examination. If the promlnenco Is mode 
to take np soccesatve positions from Si to S B (fig. 83), wo obtain a complete Imago 
of the prominence and con estimate the intensity of its various porta. By opening 
the aUt a few seconds of arc, Ha will appear confused and faint, but the true 
shape of the luminous prominence will stand out against the dark background 
of the sky (Qg. 84): this Is the manochromatk image of tbo prominonco in the 
light of Fa. 

The method of the wide silt far visual observation of the prominences on 
the son’s limb has been extensively adopted since Its discovery In 1868; idnco 1893 
the spoctroheHogTaph hai also been used for photographing tbo prominence** in thu 
light of the H and K lines; later developments and prugresslvo Improvements 



Elf. 13. OtaarotkM of pn snhvw es Elf. 84. Prondnooco at tho limb (Baccml. 
st tho Hmb (Psnwwsm). 


have led np to the regular photographic observation of tho prumlnoncre in caldum 
and hyd roge n light 

The position a n g les of the prominences, reckoned, as usual, from tho north 
p oint to wards tho east, can be directly detrained at tho tokacopc In visual 
observations, ta an the plate. From the padtioa angles, as already mmlainod 
(dpk*. P- 90), the heHographlc coordinates are obtalnod. Whon tho pnanlmmcns 
are exactly on the Hmb q — 90 ° and hence: 


sin ? - cosjD a»x* 
dnl wm— slngseop. 

Ufeng Lohxmoxi's 1 car RiccoV tables the necority for computing tho latitude 
" The width of the prumlnenoea at their bare la uvasurod In hoHo- 

graphio degrees, and their height in geocentric s eco n d s, 

Prominences ire areally darned as quiescent or ornptivo. Tim faiMr 
change their dupe and position slowly re that they can bo watchod fa aovoral 
cm end; they arnrist emretUHy of hydrogen, caldum, and halltim. Eruptive 
pr ofTrin e n cea, cm the other hand, chum thdr form and position rapidly, and 
thrfr s pectra show numram metalHo fines. Sapid changes are froqwmtiy ob¬ 
served also in thdr spectral ttnea, which show conshfaahle distortion and dls- 
P Ucanicnt 5 06 to *** xnotion <* vapoura along the fine of right. Thdr fam Is 


1 Mameds 8p*tr. It. l, p. iy (lgy*. 
* Mamario Sprttr. It 10, p. ai (1811). 
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▼cry varied, an 1 b aluo thatr height wbkh may rise from 50 ", tho generally adopted 
nriiilmnin height of prominences, to 2 ' and even ) # , and in exceptional can 
may roach as high an 9* or to', about 35 times the diameter of the earth. At their 
bam tho prominences may ho either very narrow, a fow tentha of a aolar degree, 
or they may extend over several degree* end in exceptional caeca to 20 * or 30 *, 
20 or 30 time* tho earth’s diameter, or even mom. Tho broad ban is usually 
characteristic of quiescent prominences; eruptive prominence* attain greater 
elevations. 

The great diversity of shapes which tho prominences assume has been 
desoibod and danKlod by Saccm, who, in his treatise an tho son 1 , gives very 
fine and accurate drawings not oarfly surpassed by photographs. 

Wo rofaodoco some of tho more remarkable photographs taken with the 
larger Kpoctrohdlographs which are worthy of notice became of the shape*, 
extension, heights, and the changes which have been recordod on the. plates. 

The Hto history of ano of the qulacent lauuiin cnccs. photographod by 
Slocum 1 with tho H % calcium Hue between tho 4" March and 28 “ April 1910 with 
thoRuMVoaDspcctrohelkjgraph,maybedesCTibed(flg.85 l p.i42). It first appeared 
on tho w os ta r n limb; at its reappears nee, on 17“ March it covered 35* on tho 
Umb, and its height was 96 ". On the 18 th its height was about tho rame but 
it than extended on both skies of the equator from — 20 * to + 25 °, over an arc 
of about 45*. No cnldum flocculi were no bad on the disc in connection with this 
lmroonao prominence. On 13 th April It again appeared on tho eastern limb 
reduced in also and in bright, and it finally disappeared an 27* and 28 * April 
greatly changed and dimtoushed in sise; its Ufa may bo raid to have been about 
55 days. 

Another |aominenco which developed slowly was also photographed by Slocum 
with tho H caldura line and by Bukhman* with Ha between the 8“ and 10 * Octo¬ 
ber 1910 (flg. 86 , p. 143). Whan fully developed it extended from —24° to —40° 
and its hrignt was 145", about 105000 kflomrtim. After it had attained a certain 
devotion tho majority of tho longer streamer* inclined routhwarda, bat a small 
number of tho langur anas and most of the shorter anas inclined towards the 
north, duo preslhly to hcrlsontal currents flowing in opposite directions si 
different elevations, or to a local vortex. If the shorter s treamers are at a lower 
level as they appear to ho, tho direction of rotation, soon from above, is clock¬ 
wise, tho samo as in tho care of terrestrial cyclones in the sontbsn hemisphere. 

Bukhman's hydrogen photograph (fig. 86 ,2 ) was taken at Mount Wilson 
just 8 mlnutm before Slocum's csldnm photograph (flg. 06,3). Tho general 
ontUno and dimensions of the two images are a pp r oxima t ely the same, but the 
details differ widely. A little later on the same day, 10* October, the hydrogen 
photographs (flg. 86 , 7, 8 ) Boom to show that the prominence was gradually 
shrinking, although the calcium photographs (flg. 87, p. 144), taken In tho Intervals 
between the hydrogun photographs show Interesting activity with a long streamer 
which in large arch Aynn^ an the san'i surface. 

A number of eruptive prominences and the rapid changes which they undergo 
have bean photographed in recent years, thus giving ua the o pp o rtuni ty of 
studying thgtr movements and the forces to wbkh they are subjected. Spectre- 
haHograms in the calcium radiations often show bright spots in the floccuU near 
to sunspots; these bright spots were called eruptions by Hale and Bukhman 
because of thrir brilliancy and variability, and also because they generally appear 


1 8SOOO, La 80UL sat voL Plata A to H. 
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in tbo hydrogen spoctrohellagraim. Observations by Fox 1 seem to iihow that 
these ffnptbna aro really the cause of the eruptive imminences which pre¬ 
dominate, at Young observed, near (be outer edge of the spot's penumbra. Thom 
gaseous eruptions ore at tl™* k> brilliant and so intense as to stand out, when 
viewed with the spectroecope, a gain** the background of the solar surface as 
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Fig. 85. SpnnlrufcdlnQTsiie o( poUr pranlnmoa (Slocum). 

prominences do on the edge of the disc; tbdr spectra denote the identity 
of the two phenomena. 

A good example of one of these eruptions was photographed by Fox on 
14 th August 1907. A BpeetrebeUogram In calcium Hght, showed a brilliant ridgo 
in a flocculus clans to a group of spots emerging at the eastern limb. Another 
photograph taken about l a / 4 hocn later by covering the sun's disc with a dark 

1 Ap J 28, p. 255 (I93«. 
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screen, showed the romarkahlo aruptive prominence In fig. 88 (p. 144) which 
bt a cnmporits photograph of tho two speetroheliograma. 

The* ohaorvatioiis load ns to behove that the birth of a spot la el ways 
accompanied, and generally preceded, by one or more gnp tfcma. In the first 
law honra of the life of a sunspot tho eruption may partially or com ple tely cover 
tho spot, and oftan may procodo it in tho direction of tho nm’a rotation. An 
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fig. 86. Caldnm end lijili ogen ■ pee U o b eBognune of ealtr pramhusw (fkocuu end 
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eruption rarely precedes a ringiq and full grown spot, though It may follow 
it an the edge at the penumbra. If the spot la a very active one, eruptions are 
almost certain to be found on the following edge; the* eruptions accompany 
■pots which axe In rapid decline, appearing often at the ends of the bridges. 
The phenomenon of the d e velopment of a s nn spo t conreqnezzt on the appearance 
of an anip Hnn {g, according to Fox, * general ♦hat f p»n the appearance of cm 
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eroptkm it in poadblo to predict, with certainty, the bhth of a spot; 
a well developed spot itself stimulates froah eruptions. 

Ap eruptive prominence whose constituents detached themselves with 
vortical motion was photographed in the H calcium line by Fox on 24* May 









Fig. 89. Brnpttrs pramineoes In cs lntom light. 31* Hiy 1907 (**>*)• 

19071 , At first the premimn was seen to be firmly atta ch e d to the solar sur¬ 
face, a little frfar it detached Itself completely and Its free ends dropp ed hac k 
to the nrfaen farming a ring which receded farther and further from the surface 
nntfi ft finally, disintegrated into long streamers, the latter attaining a height 
of 7*) the phenomenon'did not Jut longer than two boras (fig. 89). 

1 Ap J S6. p. 145 tl9p7). 
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TWo eruptive prominences, on 29 th May and 15® July 19*9, are of the 
■nnw* type: «—«* sprang from two eruptive centres and then united at high 
elevations like the w^HnnaHnn of a great vortex dovelopng In the son and 
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Flf. 90 a). Great — ptfro p w rinitnnn ca of May 1919* J?i oaletam Haw (Pitot). 

extending outwards. The fanner made Its first appearance an 22* March in 
latitude —J5 * and increased gradually in height ana in intensity in ronermriing 
apparition. On 28® May the prominence looked Uke an enormous mam of 
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tangled streamers which reached a height of llj and B e ame d to spring from two 
columns at —}7° and —41°; the body of the prominence was parallel to the 
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Fig. 90b). Gnat arapttva p ro nfa ame of 39“ Hay 1919. Eg oakfaim Una (Puui). 

Umb. Sp ectr oMkffams fcafam by Pitot 1 with the H t c alrium Hne show the 
immin ence as a great arch between —42° and +6" (flg. 90); a sunspot on 

1 ApJ 50. p. 306 (1915). 
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tho limb at +7° is to be noticed. At 2*57" G. M. T. a twisted arch, probably 
In vortical motion (fig. 90, 2, p. 146), began to detach itself from the tmrfecv, 
and in fig. 90,3 (p. 146) It la seen recoding from the surface and disintegrat¬ 
ing rapidly. Between the times of Pn Hi's photographs 1 and 2 (fig.90, p. 146), 
Eddikgtoh photographed the corona on the occasion of a nlar ccllpno at 2*15* 
G. BC. T. at Prindpe Island (fig. 91); tUa photograph shows tho very bright 
prominence with ita Immense fully developed arch spreading over a space of 
nearly 50* an the limb. Its spiral atiucLui e was easily distinguished later when 
tho arch broke up after It had receded further from the son, to a distance of 17', 
equal to nearly SOOPOOkflometaea, at 7*57" G.ILT (fig. 90, 5, p. 147). 



Fig. 91. Gnat anipllfe promlwnca dating tbs soHpso of 39“ Hay 1919, a* ijh G.kLT. 
(direct photograph by Bonimmsf at Prlndpo) (cL with flg. 90, a, h). 

The othnproinlnence, ahnfiar to but with a man rapid development than 
the one af 29* May, was also photographed by P e tt i t on 15* July 1919. It 
flnt appeared an 1* July in the shape of two streamer! at —11° and +18* 
with a spot at—14". In the first p h oto graph taken on 15* July at 3*8» G.M.T. 
(fig. 92,1) It la men as folly developed, the two eruptive contra worn already 
joined and the height la 6 \ anbaquenyAotographs show rapid ascending motion. 
The maximum height attained was i& In only 1 * 26 * from tho time of the flnt 
photograph. 

Centra af attraction and ropolricm undoubtedly act on the component 
materi a l s of the prominences; this Is observed at tlrae in the neighbourhood 
of spots 1 , moreo v er the free ends frequently appear to be driven In a definite 
direction by harlsmtal currents, which leads to a halfaf in a real circulation 


1 Bloom, ApJ 36 . p, MS (1914. 
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of tbo wciax atmosphere. Some of thww instances of attraction and ropuWon 
axe illustrated in figs, 93 a) and b) and 94, p. 152. 

Sicchi bad already hinted at a circulation and carried oat non*' apposite 
observations In 1872; recent research by Slocum 1 seems to show that currents 
exist In tho aoiar atmosphere at about 30000 km ebovo the nhotos]iht‘ro which 
tend to draw the prominences towards tho poles in mean latitudes, between 
30" and 55 s , and towards the equator in high latitudes, about 65°, while at 
the equate practically neutral conditions prevail, Evkrsidcd" note In this 
connection that it is difficult to Imagine that the solar atmosphere pOMWiwcs 



A 

FI*. 93 a). War 




tadkatin* bcxbnstal curront*, photngniphcd n the Yetta* 
in raldim light (Fox, Rumun, Axrti). 


snffld ent density to produce such currants at tho elevation* attained liy tlu* 
pr om i nence s; on the other hand we often see prominences which open out like 
a tree at high elevations, or prominences near to oadi other which incline In 
oppotito directions, so that It is difficult to believe that than shapes ore due 
to solar winds. The fine fflamants which often detach ttamMvm fmra pro- 
nnirecfi are freqnentiy to be seen an both sldos of a prominence and to unite 
(walnxwt unite the tops of neighbouring iromlnoncoa, so that one Is lud to aicriUi 
™ Phgmmeiinn to aovne sort of attraction, as in tho can above, of vnrtkte 
conthrae in action beyond the aolsr surface mom than to the effect of 
currents. Continued and systematic observation of tho direction of tho stroomom 
of the TxomfnenaB' round the sun's Hmb will probably load to more definite 
conclusions an this point 

It has been noted several time* by different observers that tho ascending 
Tetodt y constituents of the eruptive prominences incrwmw with their 

1 Ap j 33. p. ioi (1911). 

■ ktaDatn Kadslknal OWrmb|. F. n, p. 7* hut), 

■ PabbL H. Owntario dl Azatri » et £q 1 
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Novation. In order to study the forces operating, Pettit 1 
of spactrohflUogTBins taken at the Yerkes Observatory showing the various 
phases of tho development of a given prominence, such as that of 29“* May and 



of IS 01 July i9i9 (figs. 90,91 and 92. p.i46 to 149) which are typical. In these two 
cases the motion was uniform during a certain period, sftar which It Inacssad ab¬ 
ruptly as If It hid recrivod a sodden Impulse, but the motion atfll remains uniform. 

1 Publ Yatae Ota 4 P. IV (19351- 
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This 1b dearly demonstrated by the velodty graphs far soverul jmolnencoi of 
this type; than which refer to the prominences mentioned above are reproduced 
In fig*. 95 ami 96. The absdmie are the G. M. T. of tho obearvation, and the 
ordinates the heights of the prominences In thousand* of kflomotre*. 

The mean velodty of the prominences investigated 1* 153 kra/acc, with 
a maximum velocity of 400 km/aoc in three caeca; this seems to bo about 
tho high eat observed, photographically or visually. In no case ha* it boon found 
that the motion of the prominence* agrees with that of a body projected vertically 
upwards under rimflar conditions and subject only to the influence of tho sun's 
gravitation. Thus, lor example, in the case of the prominence of 29** Kay tho 



Fig. 94. Braptiye promttmea. 225 000 km Ugh, photographed with the A’ line of gnI- 
otnm at hit. WHwm, ^ July 1917. The dho far the comer r ep r oa na ts tho comparative 

rim of the earth (Batum). 

initial velodty was 5.5 km/aoc; if subject to tho force of gravity It should have 
risen up to 83 km with decreasing velodty, and the pramfoonco would bavo 
fallen back into the son; instead it coo tinned to rise with uniform vdodty to 
a height of 50000 km, thou a second impulse Increased tho vdodty to 9>3 km/uec 
up to a height of 119000 km, a third impulse gave a vdodty of 13,2 km/sec 
up to a height of 191000 km, and a final Impulse gave 42,1 km/aoc and a 
height of 230000 km; at the end of eight hours tho pconuuancB reached its 
maximum height of about 600000 km. To explain this phenomenon, wo may 
advance Bekstxx'b thorny of the transference of luminescence, as hi the caso 
of the aurorae, and as we have had already occasion to mention in connection 
with almflar appearances projected an the disc; but tho evidence supplied by 
observations, especially on the motion of knots and streamer* Indhws us to 
the belief that there is a real transference of matter. 
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According to 1'imT, the hypothcaos of Skcchz and Yodjcg that thn 
jrodudng force la duo to radiation prewm or to electrostatic rep ulsion , are 
not satisfactory. On the other hand wo observe that tha knots and streamers 
in the aamo pnmdnanco frequently rush towards sunspots or towards certain 
coitrea of attraction with accelerated motion oa If drawn by a local fence, and 
with a velocity whose vertical component la about one third that of gravity. 
Hencu gravity can have hut little effort on these phenomena, rather the pro¬ 
minences must bo under the Influence of magnetic and elec tric farces, as in¬ 
dicated by the down pouring streamers which rush into the spots and rwnirw 
of attraction in spitu of the high velocity with which the prominences ascend. 

The matter ejected from the p r omin ences and its changing velocity is prob¬ 
ably duo to a periodic force which acts for a brief period but with continually 
Increasing anurgy. Any periodic force sufficient to repel the molecules of a gas 
would satisfy thoao conditions, and a periodic smUon of showers of electrons 
from a disturbed area of the photosphere would bo sufficient to do so. 

Sun 1 dealing with the problem of tho aolectivo radiation p r ereure and 
of tbo accelerated motion of Ca+ vapour in eruptive prominences finds that. 



7%. 99 . Motion of tbo —ptt ro pnxnin- Fig. 96 . Motion of ibo ec apti re pnxain- 
bdco of 39“ May 1919 (Palin). once of . 13 “ July 1919 (Psiut). 


to explain this phanamancm, tho hypothesis of an electric force is not sufficient, 
became the repelling farcoa act not only on ionised particles, but also on neutral 
atoms, for example, ati those which produce tho lines of the Baluxr series. 
As wo have arid, tho eruptive prominences originate in places which are usually 
brighter than the rest of tho photosphere and therefore are areas of higher 
t empe rature. Sue finds that the gravitational force acting cm a Ca+ atom at a 
high elevation la neutralised by the selective radiation xrereura orbing from 
the continued absorption of poises of the S and K radiation by the Ca+ atom. 
If however more palms pour in by reason of absorption by the Ca+ atom, the 
■elective radiation p c eau ra will be so increased that gravitation Is not only 
neutralised, but also overoomo. The exceas of radiation pressure over aolsr gravity 
produces an * * v f b * u tirm which depends upon the temperature, the farm, and 


1 Ap J 63, p. Ill at m- (193fi). 
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the else of the luminous ana In which the prominence develop*, and on the 
distance of the prominence from that ana. The energy which supplies* motion 
to the prominences la th erefore furnished by selective radiation premia', and 
the impulsive changes of velocity observed an due, according to Sue's theory, 
to sadden variations of temperature at the b a** of the prominences*. 

£. A. Hum 1 , applying the naolta of his investigEtionfl on the cqullilirium 
of the nJcfam c hro mo sp here to the study of the motion of tho prominence*, 
akn finds frfat radiation jsiisiim In the light of modern atomic theory is sufficient 
to explain the observed phenomena, the man ao because, at least In wvcral 
f — f observed by Pettit 1 , a parabolic curve fits tho observed facto, without 
having to Introduce Impulsive (Haco ntinnous motion. But hen also, abrui>t 
changes of velocity, followed by periods of uniform motion an qulto compatible 
with motion tmAwr t he action of radiatioa pressu re. It la enough to ami too that 
the photosphere becomes brighter far a brief period and than rein para to Its 
original luminosity - . 

x 





X 


w 


KB KB Ba Urn 

Fig. 97. Fie* spectrum p ho t o grap hed st tho adipm o( tho 14 tt Jso. 193f> (Tactasa), 

The distribution of the dements constituting tho prominoncus la Invustigatod 
by comparing spectrohetiognuns taken in tho light of various lines*, and olan 
those taken during ecHpns with the prismatic camera. 1%. 97 shown tho flash 
sp ec trum photographed by Tajtara 4 , of tho Italian expedition to Juhaland 
during the solar eclipse of January 1926, in which largo prnmtnunciw of 
varying shapes and Intasdty in tho calcium, hydrogen, helium, strontium and 
other boos may be obooved. The prominence in tho NNW sector is specially 
striking by reason of its intensity and its frasneo In olnxwt all tho vlsihlu radi¬ 
ation; the othor two prominences in the W and SSW sectors are almost entirely 
composed of calcium 1 . 

A preliminary comparison of tho images of tho prominences in calcium light 
with those taken in hydrogen light shows that the former usually attain higher 
devotions 1 , ss might be rrpnrtrri, because we know that tho caldum layer 
wMch products the 2? and IT Hoes Hes at a mndigroatcr height than tbo hydrogen 
radiation Ea. It also appears that throughout tho aura cycle the distribution 


1 UN 8& p 591 (193$. • 1.e. p.213 St saq. 

* aL mtoo: Fax, The Motion at Gues la tfcs Son's Atmaspheni. M N Bfl, n. 3 (1927). 
4 Man. 9ae. AMr. Ital. novo ante, 3, p. 464 (192(9. 

• See atao: Davedbox owl 8zhatbhi. ERAS 64, part IV, plats 3,4,3 (IWh 
■ Ut W&no Goatr No, 51 (19M). 
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ol the calcium prominence* is slightly different to that of the hydrogen pro¬ 
minence*, that ib to Bay, the xoccs of mnximum and minimum frequency arc 
not exactly the same. Mora exhaustive research, making mo of the vast amoun t 
of material which is being collected In solar obaeryatorkn, ii desirable in aider 
to investigate the possible variation in the distribution and activity of calcium 
and hydrogen. 

Statistical investigation Into the area, form, and distribution of the pro¬ 
minences diving various cycles is being undertaken, as in the case of sunspots, 
facolac, and floccull, with International cooperation 1 * * 4 . Observations are other 
visual or photographic; the former begun by Rxbpighz In 1669have been published 
uninterruptedly up to 1911 In the “Memorie della SodetA degti Spettrascopisti 
ItaUanT. Tho spectroscopic image of the limb of the sun in the tight of fls is 
given for each day, so that tho padtion angle, and therefore the latitude, of the 
prominence and its area is obtained on a given scale. Since 1922 there spectro¬ 
scopic images have boon published under the auspices of the International Astro¬ 
nomical Union by tho Aicetri Observatory*. The mean dally areas for every 
5 ° of latitude, exprereod in prominence aid to, are computed and published yearly. 
Tho conventional unit* is expressed as the area of one degree of the sun’s drenm- 
ferenco in length by one second of are of the celestial sphere In height. Tho 



K odaikanal Obearvatey collects tho photographic observations made at different 
observatories, and every six months publishes the mean dally areas and number 
of prominences recorded; the areas are exp r es s ed in sonare minutes of arc. 

Tho statistics of tho prondnonces throughout a period of three cycles, from 
1880 to 1912, have been compiled, from the sofBdenUy homogeneous data red¬ 
ded In the Uomorlo (kgh Spottroscopiati Italian!, by Riccd* who compared tho 
muon dally number of pranunencet observed in each year with Woun's relative 
numbers far the sanspoto. If we examine the graphs of the two ph en o m ena 
we recognise tho similarity of their general activities, which is also nuud- 
fa ted in certain de tails. Thns we notice that their maxima and minima occur 
nreriy at the mw time, and consequently the period of the p rominen ce cycle 
is nearly the same as that of the sunspots. Again the lncreare in thrir activity, 
as with sunspots, is more rapid from a minimum to the fallowing maximu m than 


1 Tnnint Intern. Aatr. Union X p. 30 (1935). 

■ PubbL R. Owaindo dl Are*! 40 Appredto ot «q. _ 

1 Timm. Int. Union fa Coop. In Boter Hr— reh. 4, p. 114 (1914) ud PubbL H. Chser- 
vsfalo Arestrl 39 (1922). 

4 If (snorts Spsttr. ItaL Bar. X 3. P* IT (1914) ud Tessa. Int Union SoL Rem. +, p. 9B. 
M.nrW fTT (1914); ef. also Fnrrr, Dfa BakaiUtltU dec ProtnbevmnaMi IBM-1917 (PobL 
Hajealda Otaarr. 11 . Haft. Xalosa 1932). 
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the decease from a maximum to the next minimum; bat we also no to a lag 
relative to the sunspots and some other differences which indicate a certain 
amount of independence between the two phenomena. Tho mean frequency 
of the prominence* ftx the three cycles is: 

1880-1 ago 1891-1901 1903-1912 

5.0 33 2A 

The value of tho maxima decrease* from one cydo to tho next but tho complexity 
of the maxima increnac*; thus in the lint cycle there is only one mcudmnm, 
tho second ha* two, and the third three maxima. 

The mean height of the prominences between 40" and 50" docs not vary 
much from one year to another, but generally it la greater at maximum and 
less at minimum periods. Tho observations m the cydo preceding tlw three 
mentioned above were carried out under very diverse conditions, both an regards 
instruments and observers, so that they are not strictly comparable with tho 
later ones, bat from RiccO's examination it appears that tho 1871 maximum 
wia mere active than the three succeeding ones, tllns confirming that tho pro¬ 
minence maxima follow the same course as tbaeo of tho spots (cf. tig. 44), and 
probably in relation to some superimposed periods. 

The distribution of the prominences In latitude in the above three periods 
lead to the fallowing conclusions: 


111 <1 

IllltllllllllllllillllllllllllttC 



Rg. 99. Dhldbalim In latitude of pran hu w ci w In tbo two homkphann In the tirns 

eydM 1 BBD to 191a (arced). 


1. In both hemispheres than exists a lone of maximum frequency which 
He* between 30° end 40° heliognphlc latitude, that is in tho somipot bolt, and 
it continues throughout the 41-^ar cycle, except near tho parlod of minimum 
activity. 

2. Another tono of maximum frequency he* between latitude* 40° and 60°, 
which m a n i fe st s itaelf after a maximum and nearly up to the next minimum, 
it then move* to higher latitude* and reaches the pdar regions at the maximum 
period. 

3. Metalli c eruptive prominmee* are formed in tho low latitude zones, in 
other region* the prominence are usually of the qui es c e nt type. 

4* The m ean hallngrapbic latitude* of the pro min ence* are Mghiw n pm * a 
minimum period and lower after a maximum. 

Btskshkd confirms RicoV a nonrimtan * with his observations at Kunley and 
K o d a fhanal between 1890 and 1914, in the following words 1 : "First, than are 


1 Manxrfiv Kodalknal Ota. 1, P. II, p. 133 * sag. (19D). 
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four belts ronnd the sun, two In the north, and two in the wrath, which are 
sped ally pmUflc in ixominencm; and the high latitude beta have a diffsent 
lifo history from the low-latitodo belts, and tend to pcodace prominences of 
cliff dent farm. The law-Intitndo belts ar sane* are in tbs some latitude os snn- 

r ts, and have the same history, lor they Increase and diminish in activity 
oltancously with sunspots, disappearing In years of minimum, and they 
scam to draw in gradually to w ar ds the equator, like the sunspot zones. 11 From 
Ricoh's diagram (fig. 99) and from those drawn by W. J. S. Locjcyer from 
EvxitaincD's observations between 1890 and 1920, the above confirmation is 
clearly established. 

Lockyhr'h diagram (fig. 100) was drawn tor thopurpooe of investigating the 
relation between the prominences and tho corona 1 . The dependence of the coronal 









Fig. 100. Cuuipulm 


. J. 8. Looms). 


■pots ud forms of ths carats 


rays streamers an the praminencee has been noted by many obeei vers, and 
Is ev iden t in the photographs of the corona of various eclipses. After tHs- 
cimrfng ell tho obaervatkms af Hi&fiuhi, Sxccm, Tacghdvx, Riccd, lUaC A g, 
and EvKBfiHKD and d—tog the co ron a into three well known types, namely 
polar, intermediate, and equatorial 1 , Locxyke's condodooa are: 

1. That tho various coronal forma are dearly connected with those bdti 
erf latitude where the oentree of action af the solar prominences are found. 

2, Tho ww-rmim of the polar, cr fa reg n lor, type appear when the maximum 
frequency af the prominences Is near to the sun's poles. The equatorial type 
a p p e ar s when there is only one active centre at about la t i tud e 45 * in each hemt- 
■ptvn; the Intarmediato type wten there ore two active centres in each hand- 
sphere, naltliwr of which is near to the poles (flg. 101, p. 158). 


1 HN A3, 


sad 82. p. 303 (1923). 
tar Bdlpsw. 
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5. The special arched farm of aome streamers la produced by the action 
of two prombmefl zones situated near their baas. 

4. Sunspot activity has apparently no direct connection with the production 
of coronal streamers. 



FV- 101 . TypH of aolar corona (polar, tetsmudlalB, eqaaiorial) In mhH«i to tho OJ P iiB 
of action oI pconlnencaa shorn by the short radial linos (W. J. S, Locivu), 

18. Observations of the Damn Effect Spectroaooplo Observations of the 
Rotation Period and its Supposed Variability. Comparison with Direct Observ¬ 
ations. Irregular or regular motion in the Hne of right of the son’s vaponrs 
Is ettsdosed in the spectrum by the DopflkK affect. The farmer is generally 
noted in regions disturbed by eruptions, prominences otc., the latter, due to 
rotation, Is observed at the edge of the sun, except at tho polos. 

Distortion and the shifting of the spectral lines from their normal puritkm, 
especially of tho hydrogen line, had been noted by the early investigators of 
the prominences, namely by Sfeccm, Youxo, and Lockyul Pig. 403, taken 



11g. KB- Damn irffanta obasrrad la If a Una at limb with rad hi allt (Bacon). 


from Sanaa 1 , shows some of the appearances of Hne Ha observed with a 
radial rilL 

When wo measure the variation til of a spectral Hne of wave length i, wo 
can deduce the velocity V, In the Hne of right, of the gas In motion along tho 
Hne of sight which produces that Hne, by the expnJon: 

when 0 is the velocity of light; tho positive rign denotes motion away from the 
observer, an d the negative, motion towards the observer. 

1 La Solril. p. lia at saq. Peril (1877). 
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Similar displacements and distortion of the apoctral lines observed an thu 

can be photographed, for example, with DxaLAHDKXs’ velocity recorder 1 . 
Fig. 103 is a reproduction of a spectndielfogram taken with that instrument in 
the K calcium line, and shows a large dark filament In rapid motion towards 
the violet, which means that It is rising In the solar atmosphere; Its velocity 
is about 100 km/sec. The maxi¬ 
mum velocities recorded so fir 
ere of the ardor already given 
for the prominences, namely 
400 km/soc. 

Sometimes tho bright com¬ 
ponents accompanying the revers¬ 
ed linos of the chr o mosphere, 
or those of active regions, appear 
considerably widened and diffus¬ 
ed, towards the violet os well ss 
towards tho red, with a bright 

ahsta'pllon bond on either Fhl» 101* Shift s Uwanh vi olet of K Him 

which appean for a few mo- ps^taDws). 

ments only. Its appcaranco and 

very brio! duration indicating something in the nature of on explosion, In which 
tho dement concerned, for instance hydrogen, plays only a port, suggested the 
nsme "bomb" to .Ellrhan 1 . In one case above an active group of spots, he 
noticed that Ha showed conskknbta distortion due to radial velocity of the 
hydrogen fioccuU above the spot; the bright bands (1, X and 3 in fig. 104, p. 160) 
of the bomb extended on both sides of Ha, but not symmetrically, because It is 
as a rule difficult to keep the Imago of tin bands steadily on the slit, daring 
tho observation. In 4 (fig. 104), In contrast to this phenomenon, two bright 
reversals of Ha of the ordinary eruptive type may be seen near to a small spot 
Under normal conditions the width of the Ha band is about 8 A, In the above 
case it was 30 A, The level at which bomba are produced most be below the 
foverring layer, became they have no effect on the hydrogen absorption line, 
nor, apparently, an tbo other FHAmmana Horn.. At tho Areetrl solar tower 1 
a photograph of the lino Ha was obtained with a tangential silt showing double 
reversal with two circular and symmetrical bulges, or swellings, of the bright 
components, co rresponding to a prominence. 

The regular displacements, wnkh are noted when tho sp e c tr um of the Hmb 
is compared with that of the centre of the disc, open the way to the determination 
of solar rotation at tin latitude to which the slit of the s pe c troscope is direc¬ 
ted, and at the lovul of tho line under observation. The advantage of this 
method over the others, already described, lies in the fact that measurements 
can bo extended to much higher latitudes than is pnSsfhfo with sunspots, 
faculao, or floccnU, which only present themselves in equatorial or mean 
latitudes 

After Vookl hid demonstrated in 4871 the porefhfHHrs of the spe ct ros co pic 
method, various determinations of the sun's rotation period have boon mads, 
but, because of tho abort period which has dapred, and the neceraity for using 
instruments of considerable dbrperrfve power to measure the small drifts, few 
such determinations can be said to have attained any great precision. 


1 Amis da l’Ofas. da Mandoo 4, pLsj. 44. 47 (*5H0). 
■kttVllraCaitr Mb. 141 (1917) or Ap J 44, (1917). 

■ Raodkmtl dal Liaai 3 . p> 59J- Hay (1936.) 
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The matt celebrated are those of Duirtt 1 carried out bcLwccn 1888 and 1890, 
and betwooi 1901 and 1903 , at Upaala; In these he took the atmospheric lines 
as standards of inference. Points 15 0 apart, between tin equator and 75 0 hclio- 
grsphlc latitude, beyond the limits for sunspot determinations wero taken. The 
results enabled Mwi to HImm the reliability of Carjuhgton's, Faye's, and 
SfObxs's respective formulae derived from sunspot obscrvatlonB botwocn the 
equator and ±45°; he concluded that Faye's formula fa the one which more 
nearly r e p r esen ts his observations, Inc l uding those made at high latitudes. 



Big. 104 . 1, a sod 3, appaaianc* of th a Ha Una In an active nutapot region, abusing 
tho hands at "hnslw" and tha dbtortkoi at tho line. 4, appaaianeo of rannak hi an 

astir* region (Bluuum). 

Between 1903 and 1906 , Hate 1 undertook a aortas of obaorvatlons at Edin¬ 
burgh Tiring the dlfibrantdal method, as Dux An did. Tho instrument used was 
a hdicanoter fixed horisontally, whose divided object glas enabled him to pus 
rapidly from one limb to tbo othff. Notwithstanding tho precision afforded 
by this equipment, his observations showed considerable systematic differences 
from year to year, and seem to point to tho variability of tha son's rotation. 
This important result is now one of the principal subjects for dlscosrton and 
constant investigation. 

The above obsOTattaos wero made visually; recent pro gres s in photographic 
methods has been of the greatest value In attaching the problem of solar rotation, 

1 Nova Ada S. Boo. So. PpM Henri* Sar. 3, vol. 4, No. a ( 18 (H) ; Bar. 4, vol. 1, Mo. 6 
(1907). 

* Ttwm. R.8.Edinburgh 41, P.X, No. S (1904) and AN 173, p, 39+. (1907)- 
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and it la now poadUe to extend racarcfa to a great number of Hus and over a 
greater portion of the spoctnun. 

The Show telescope and the fint solar tower at Mount Wilson affor ded 
W. S. Adams 1 the opportunity of undertaking an extended and rJn»l«i wrlm 
of observations between 1906 And 1908, which were continued systematically 
by Sr. Joint. 

In his first observations. In 1906—1907, Adams uaod the Snow telescope 
In conjunction with a spectrograph of 5,5 m focal longth, and a Rowland 
grating 8 , J by 4,4 cm. Two total reflection prisms fitted to the plane of the sHt, 
at a distance apart equal to the diameter of the solar Image, reflected the light 
from the Umbs on to two other prisms above the sHt, then In turn reflected It 
Into the spectrograph. This arrangement makes It pnadM* to compare the 
spectra of the opposite limbs by bringing them side by side; and as the system 
of prisma is capable of being rotated about Its support , it can be set to any 
latitude. 

The amount by which the lines have shifted, wnahl** us to obtain the car* 
responding linear vetodtks expressed In km, by the formula given above; but in 
order to obtain the velocity corresponding to the period of sideceal rotation, 
three corrections are nccemry. 

As the silt is nt a small distance inside the Hmb, the fhat correction is for 
reduction to the Hmb. Tbo distance between the two diagonal prisms which 
reflect the light Into the slit Is accurately known with refo r m i c e to the centra 
of the sun, and given the position of the objective, or of the minor which pro- 
dncaa the Image, the diameter af the sun's imago for airy given date la obtained 
from the ophpmeridee. To obtain the factor by which the observed linear velo¬ 
cities have to be multiplied in .order to reduce them to volodrtn at the Hmb, the 
ratio botwoen the sun's radius bn the given date and the radlns at the observed 
paint is to be calculated, in other words, the factor h espnw s ad by the Meant 
of the angle contained by the two radii 

The second correction depends upon the position of the pda in relation 
to the visible disc, and is applied by multiplying the linear velocity by the Meant 
of the angle rj between the nno of sight and the direction of motion cm the sun’s 
surface, ij is obtained from the formula *; 


sin 17 


dafsjajQ— 


where 4 is the Inclination of the solar equator, O the sun's longitude, Q the 
longitude of tho ascending node and p tho ifH^ndw of the point under observation. 
When if la small the vmbei af tin q are obtained from Dum&k’i tables. 

Tho third ocsrrectkm is to allow for the motion af the earth In Ha orbit, 
that is tho observed values of the sun's rotation must be reduced to sidereal 
rotation. The nornmrj formulae for this corre cti on are due to Dxnrdi, who 
also com p u t ed axcellant tables to fodHtato their use. The same reduction h 
obtained by converting tho observed linear into angular veloci ti es and then 
applying the nepemary cor re c tions for the earth's motion obtained directly from 
the ephmnerldeo. 

The heUogrophlc longitudes 0 i the prints observed are obtained from the 
data given in the ephenmrides far the physical observations of the sun, and by 
the use of the formulae already given for the prominences (cf. p. 140). 


1 Petal. CsnMslo InttL of Wsshtagtao No. 138 (1911). 

1 Howto, Not* Acte Upari. to. 3. vri. 4. No. a, p. 47 (1891).. 
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Let v be tho linear Telocity corresponding to the synodic period of tbo sun’s 
rotation, and % the correction above far reduction to sidereal rotation; £, tho 
diurnal angular velocity conespm ril n g to the sidereal rotation, in gtvon by; 

f - - c °- 851 =r ■ 

where N is the number af seconds in a moan solar day, and R tho nun's nuhv 
in Idksneties. 

In the 1908 inrestigitim* A daub used the Mount Wilson solar towar with 
an objective cf 18,3 m focal length and tbo anto-coHimailng wpcctrogmiih of 
9,1 m focal length, with the nine arrangement of prisma in front of tho silt bh 
in hh p r ev ious observations. The linear scale an the plate was 1 mm *» 0,56 A 
in the violet In the later, as well as in the earlier otnorvutions, tiro vdodtis at 
every 15 * of latitude from the equator to ± 75° were meoanrod, using about 
X lines of the ravening layer in the violet between 14200 anil X 4)00, part of 
group G, end also the bead af the first violet Anting of cyanogen; tho in tonal ties 
lay between 1 and 4 of Rowland's scale. A portion of one uf tiro photographs fa 
reproduced in fig, 105. In addition Adaus also carefully fnvwtdgatoil tho velo¬ 
cities determined fnan die hfae caldmn line 2 4227 and Ha hydrogen (fig, 106 

The results of then i mpor tant measurements may bo summed up as follows. 
The two series of measurements maxis in 1906—1907 and in 1906 show cnxtcnrdnnt 
results between latitudes 0 * and 50* Above 50*, the valnos am smuJlur In the 
1908 observations; the greatest difference is in latitude 70*, and amounts to 
0,099 km, and may be (hie to small systematic errors. Tho Hndtntkm and tho 
■naUnera af the dtifsences, together with the agreement bo tween Auamh 1 valnos 
■nd these of Dnxdi, lead to the belief that brief periodic variations In tho rato 
of rotation axe improbable. 

The two series of observations, however, show that tho linos of dlffnront 
dements give different values for the velocity of rotation, and that tho limn 
which systematically show Ugh and low vekidtios arc those which also show 
greater variations with increasing l a titu de. The linos which show tho greatest 
dtvwgmcc from the mean values of angular velodtios, dorlvod from all tho 
tinea observed in the revising layer, are tabulated below for high and low lati¬ 
tudes, and their hoighL in the chromosphere darivod from tlie clirovnnmihoric 
arches during eclipses 1 : 
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5000 

+ 0 A 

+ 1 A 
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14000 

+ 0 A 

+ 2 A 


The most natural hypotharia which might explain those variations is that 
they are dne to lewd, in other words, the dements which lio in low levels give 
low values for the angular velocity of rotation. That is to aay the onto lays* 
olthe sun's atmosphere move more rapidly than thcao which Ho near tho photo- 


1 IGtchxll, Ap J A p. 407 <1913) and O. Anm, Mom. Boo. Astr. ltd. a, p. 5 ( 1034 ). 
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layer, for instance comp a rin g the inntiwnmi and oy em gen ttnes with the 
magnerinm line whiich, judging from ecUpae oha ei va tfoca, la at a slightly lower 
level; the enhanced. Htanftim Uhe 14290,377 elao gives a low engnlar veloci ty, 
althtfngh eclipse obwmtkma show that it ■**■*"■ a height of 4300 km. The 
pfamnroftnon la therefore pcobehly more gp mp fa m than a afanplB effect cd level. 
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And can only 1m explained when a greater number of Hnes have been lnveetig- 
ated and after wo have gained a bettor knowledge of their levels and of their 
place in tho spectral series, that is of their energy level of origin in the atom. 

Taking the mean results of all lines observed in the reversing layer end of 
the two safes of obtarvatiana at different latitudes from 1906 to 1906 Adams 
found that they satisfy the following oqnatkm of Fats's tan: 

v + Si — (f,550 + 0,50f cob b 9 >) emtp , 

£ *■* ff °,04 + 3 °>$0 cos"? 

with small raddnals froo from systematic tendondea 

Ho bes also carried out a sarins af observations on Ha at different latitudea at 
the limb and ) mm inside an image of the sun 170 mm mean diameter. Comparing 
the results obtained, as In tho table below, we see that tho rate of variation erf 
motion is more rapid from the limb inwards, and that points near the edge give 
not only greater absolute values, but also show amalhr variations of velocity 
with variation in latitude. Such an affect is to be expected when we consider 
that the levd af effective absorption far places an the limb, in the esse af an 
element like hydrogen, may probably be higher than at places inside the Hmb. 
Itmsybepoeauik) to this by measuring the velocity of Ha in the chromo¬ 

sphere where reversal takes place, and where the variation d angular velocity 
with change of latitude most bo atQl leas. 


Table V. Comparison of Remits for a Lino of Hydrogen with thoso for Raven¬ 
ing Layer. _ 
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mmimUk 

Umb 

KnvMr Uyw 
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*+*. 

1 

MM 


I 

ca 

*+■. 

I 

MM 

0*,J 

^,14 

15"3 

S3 - ,7 

3^,11 

15*3 

34* ,0 

**,06 

14 “,6 

34-3 

14 3 

a ,03 

14, 9 

34 A 

a 30 

14 ,7 

a* ,5 

1 .95 

1 37 

14 .3 

35 a 

» .5 

1 .7* 

14 ,3 

243 

1 ,73 

14 .1 

35 .5 

13 .7 

36 .4 

44 ,6 

1 A* 

14 3 

25 .7 

1 ,39 

13 ,B 

36 .0 

1 29 

13 .9 

37 .9 

59, 9 

0 ,95 

13 ,5 

26 .7 

0 ,92 

13 3 

37 A 

0 ,81 

11 .5 

31 J 

75 ,0 

0 ,5a 

14 3 

25 A 

0 A* 

13 .3 

37 ,1 

0 .40 

10 ,9 

33 ,1 


From table V we boo that the absolute velocity of rotation derived from Ha 
fa much higher than that of tho reversing layer, and further teat the law of 
variation ofangukur velocity bi latitude is diffaent, that is the equatorial acceler¬ 
ation dcrivod from Ha is lea than that af the reversing layer. 


Tablo VI. Comparison of Results for 1 4237 of Celolum 
with those fpr Reversing Layer. 


The determinations 
carried out with calcium 
lino l 4227 compared 
with than af the revers¬ 
ing layer indicate teat 
the caidnip vapour pro¬ 
ducing that line moves, 
as hydrogen does, mare 
rapidly than the revers¬ 
ing layer, and Is sub¬ 
ject to smaller variations 
with increasing latitude. 

The differences an slightly ta than far hydrogen near the Hmb, and are 
approximately equal to those for hydrogen at a point 5 mm within the Hmb. 
A r emarkable fact fa that in the case of bote 14227 and Ha then fa a s odd e n 
increase in the un g n^ T velocity betweeh-latitudes 60° and 75** We most how-* 
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3B 3 
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0 31 
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31 .3 
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0 A9 
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0 30 
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33 3 
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bw bear in mind that In high latitudes the angular velocity Is very Honadbln 
to small differences In linear velocity, a vaiiatfon of 0 , 018 km at latitude 75°. 
Air example, reduces the value of | from 14°,0 to 13°,5; hence too much wdgtit 
cannot he attached to the increase, which may bo the cansoquonco of errors 
In ofaservBtkm ar messurement. Yet if we recollect that A tuna noted the naiuo 
increase also in the case of the diff e r g it lines in the ruvarring layer, dujxmdmt 
upon their presumed level at origin, we sre led to the view that there must bo 
some came which tends to foaaaae the angular velocity in the higher regions of 
the sun's atmosphere near the poles. The rwulti af tho two sorios of olwurvntiaiH 
for Ha andl42tf and fm the revasfog layer are graphically represented In llg.107 



Rg. 107. ▼ ■Hatt on of mdJal Mpc JIj with hating rmpfcdo 1—<buU ftir tho «unh—if h«— 
atMWMd (Aiuia, ML VOn 1906—06). 

thi «M| men •* ■ Mr Ml wSii Si •kb a mOm al iPjo k aMl kr ii|m1b B 


whse, far the purposes af comp aifc an, is added the curve of tho linear vdocity 
erf a body rotating uniformly at the rate of 15 * par day, or i + fj-w 2,11 km 
at tho equator; this cur ve la naturally the coslno c ur ve. 

Adam has calculated Fats’s taoulae for the rnvondng layer, Ha and 
1 4327 which fast represent Ms observa ti o n s; there sre; 

Bswaing layer * - 1i°,04 + 3 o >50co*fj, 

^4227 f-12 ,5 + 2 A cm* Vl 

Ha (within tee limb) £ — 12 S + 2 JO cos B y, 

Ha (an the Hmh) £- 1J fi +1 ,4 em»<p. 

The numerical values of the angular velocities obtained from there aquations 

are gfven in the tahSeVn for every 15* of Istitudo, and also In tho graph fflg. 10®. 

The values at the pole ore extrapolated from dm formulae and are naturally 
not to be rebed Upon. Research between 70 * and tho polo, with powerful apoctniH 
grapin, would be of toe greatest value in throwing light on many Questions 
co nn e c te d with the laws of toe sou's rotation. ^ 4 
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(11 i04) I (12 ,5) I (12 ,B) 



Many npoctroecorric deter- Table VII. Final Bssalta for the Angalar 
urinations of tho sun's rotation Vslooity. 

period have been made at diffor^ 
eat timea; from than sprang 
a doriro to investigate tho pos¬ 
sibility of It* variation In diffar- 
eat period! erf tho 11-ycar cycle, 
or from cyclo to cycle. 

Nxwall's and Halm's on- 
minatkma of the obeervatkmi 
made hi the cycle 1901—((MU 

are especially intonating. Nkwall 1 find® that Fatx i b fumiu la: 

e + *i ■■ (« — b rfn^) amp 

very fairly represents tho variation of the velocity in latitude, as d edncaH from 
the observation!! of Drafts, Halm, Adams, PuLsnrrr, Dh Lust, and Schuc- 
ungib. bat that both a and b may vary daring tho cycle, and also that the 
vs him of b instead of being ^ ' 

constant over the whole i 

hembphero, may diflv at J. _ ^ ^ __ 

any given thno in dlHmont v > ^ 

parts of one hemisphere. At ^ ^ v ^ 

sunspot minimum tho vapours ” \ K 

in tho son, at about latitude ^__ y \ ^_-— 

50", lag behind time© in the id- 

joining belts, with maadnram _j_j 

retardation (b — 0,7 or 0,8). *** \ \ 

The equatorial vapours at tho_^ _ V_ 

same period move with thdr V 

minimum velocity (a — 1,94 ^___ \ 

or 1,9$) and aa the spots die- . _ w 

appesr at tho equator the - _IcsSfirM = _ X 

velodtv boffins to increase. "* a AKfff - y 

ThTStUvoCTiUcal velocity __ nmnjglyr - ^ -_ 

botween adjacent bolls of la- " 

titnrie lp reached samewhere ^___| _ 

ebo nt la titude 40*. with an ‘ § m fi m M m 4T fir 1 *• iir w* i§ 9 W 
crotburst erf spots in that la- jflg, IQS. Cams wow—lttng tits sagslor rolon U y 
trade. At sunspot maaimom dstannfawd by smpfrfaal fwmalM (Adams, UtWOson, 
s attains a maximum of about 1906—0B). 


n—itlng dte sagalar votaa tt y 
al tonwlM (Adams, UtWDua, 
1906—OB). 


Wkm If Kiwall's result* 

are confirmed, Faye's formula will require mndlfte a rin n either by adding 
anothor term or by Hmittng its application. 

Halm 1 , after the relation between velocity end latitude in the 

above observations, crmnhirtm that the linear velocities show a remarkable con¬ 
stancy as between various observers, and that the values of the angular 
velocity * sec ? for different latitudes show a systematic rate throughout the 
whole cycle; this appears to be real and to confirm the systematic variation 
of the « and b coefficients fat Fate's form ula, as inchoated by Nxwaix. Halm's 
of the yearly observations does not how e ver take the sin 1 ip term into 
consideration, bat is founded an the hypothesis that b varies continuously with p 
1 MH 82, p. KM (1021). 1 MW 82, y. 479 (1928&. 
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in etch yt*r. In any cate the cycle 4904 — 4943 leads to tlio condaakxi that 
. the hw governing the son'i rotation does vary during tiio cycle. 

Observations made since 1913 do not however appear to confirm the above 
concfauhmn, as may be eeen from table YHI 1 . 


Tabla m linear Velocity ol Solar Rotation at tha Kqnator. 



taS? 

lU-alL— 

*rr 

Utta 

Drjvtm. 

xae 

2 

! 6301—6300 

1900,5 

Halm. 

xoi 

2 

6301-6302 

1904 

Adams.. 

V* 

20 

4196—4294 

1907 

Adamb. 

2.05 

22 

4196-4291 

1908,5 

Stout and Wnxoa. 

V* 

10 | 

6280-63111 

1909 

Plabxtt, T. S.. 

2JM 

19 

5506- 5688 

1«Mi 

Pumn, j. SL. 

va 

is 

4196-4291 

1911 

ns Lear.. . 

1.97 

19 

5506- 5688 

1911 

Human. 

1 A 6 

+0 

4299-4400 

1911 

Flabkbtt, J.8. 

2JO* 

27 ! 

4210-5600 

1911—12—13 

Baumon. 

VSt 

20 

4058-4276 

11H2 

Erasnxc and Ruvoa. 

1>93 


3906-J624 

1iM3 

Puiutt, H.H. 

1.91 

12 

5574-5628 

1913 

Wabb and Sr. Johb. 

1,9+ 

35 

4123-4338 

1914 

Plajdtt, H.H.. 

1.93 

5 

5900 

1915 

Wabb and Sr. Jam. 

1.94 

26 1 

5018-5316 

1914-18 

Wabb and St. Joan.. 

1.95 

7 I 

6265-63J7 

1916-17 


Alter the 1943 nd nlnnun the equatorial velocity waa practically constant, 
and at sunspot Tnavhnt (1906 and 4917) tbo equatorial velocity c o rrc sp ondod 
very neariy to ihe extreme maxima vainee of 2^0$ km and 4,94 km. It should 
be noted however that notwithstanding the intrinsic accnracy of tho dotormln- 
atiana, the mean encn of the equatorial Unaar velocity bring .low titan one 
hundredth of a kilometre, there are conriderehle differences botwocn tbo various 
detamlnatfcma, as may be aeen from table VUI, and thmforo, on this account 
also, It la difficult to accept the evidence of a variation In tho velocity of robvtiun 
depending upon solar activity. 

There are other causes which produce such wide dlacrepandui; tlxaw may 
be dne either to the different Una rued which probably gtvn, as wo have sug¬ 
gested, different values according to their lewd. of origin, nr to systematic 
instrumental errors due to the varioru in* tram ants nsod, to tho pomonal aquation 
in measuring the piatm, or to local dhturfcanca in the aolur atronaphbro. 

Disturbances In Um i t od regions of the sun take place frequently, and tho 
greater the dlmenaians of the son's Imago mad far tho monmromontH, tho more 
they make themaelva frit. The determination of tho absolute velocity h tliero* 
fion compbeatod by these local condltlona, and It hi conmqnontty (Tlfficult to 
trace short period va riat io n s*. Until the causes of tho nnexplalnod dJfforunca 
have been established and eliminated, a poodble variation In tho rato of rotation 
can only be investigated by a cootiiroom and prokmgud serlm of obaorvatkma 
carried out under the same Instrumental conditions, and paotbly by the same 
observer, as is now being carried out with intamatJonal cooparntlon*. 

At Mount Wilson, St. Johx 4 sought to resllso then conditions, mvl since 
4914 he has collected a homogeneous series of observations and measurement! 


1 Sr. Jobs, Tho TV — n t Canrtittan of tho Prohlcn of Rotation. Pnhl A 8 P 30, 
P- 3*9 (191B. 

1 CL H.E Flaskkxt, A VaiiaJJuu in tha Solar Bot afi no. An I 43, n. 143 (1916), 
1 CL ttm —oL imam. Aatr. Uakm 2 p. 51 (1925). ^ J 1 ** 

* PsW A B P 3a p. 319 (ISM 8 ) tod PahL Aaw. Aatr. Boo. 34 u M«rtlof, p, S 90 ( 1905 )- 
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Dm which he hai found that the oquafarial velocity for the period 1914 to 1918 
u 1 , 936 i end 1,903 km/sec bo twain 1919 and 1924. Although the ril f ftw»i»r M 
jtween the two vnlnoe 1 b elicit, yet, given the homogeneity of the materiel 
salt with, wo can assume that the difference of needy 2 per cent has iw™ 
el foundation. Tho probability 1 b increased by a comparison of Sr. Johw’s 
dee of observations with than of Adams and those carried ont at Ottawa 1 
id Pittsburgh*: 

Mount Win (Adaim). 1906,5-1906.5 2*06 km /m 

Ottawa and PltWimih.1911.5-1913.5 2,00 „ 

Mount Wltau ( 8 r. Joan).. 1919 —1934 1.90 „ 

The first of tho sariae fell In tho middle of a maximum sunspot period daring 
hlch tho polarity of the leader spot was positive In the northern hemisphere, 
id negative In the southern. Tho Ottawa and Pittsburgh observations were 
Jam at a minimum period, daring which the polarity was reversed (cf. p. 197), 
hfle the last aerioa was carried out in the cycle following the complete revenol 
! polarity. The rovcnal of polarity might in some way inflnqice the' drift of 
ms solar atmosphere in tho equatorial belt, depending upon the direction of 
itatUm of tho vortex whirls. A prolonged series of observations carried ont as 
iggcsted ahovo, and axtandlng over a whole cycle of 22 years, a p pe ars to offer 
te boat means of arriving at a satisfactory solution of this complicated question. 

The statommt below is of interest: in table IX the v dodtlee of solar ro tation ' 
rival from spoctroscopk observation are compared with thorn derived from 
to sunspots, facnlae, and floccoll 1 . Tho values given are: a) for tho sunspots, 
ueo given an p. 1(M ; b) far the faculse, the mean values of Stilatoxojt, Chkva- 
xh, and Mauxdib on p. 105 ; c) for the floccnU, tbaee given an p. 126; and 
l lor spectroscopic results the mean existing values. 
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(An* m3 

UXXT 

(AjumO 

r, 

Obion)* 

0* 

14**40 

_ 

14*.53 

14VU 

15*A0 

14*,90 


5 

14 .36 

14*.51 

14 A* 

14 M 

14 ,99 

14 A8 


10 

14 .31 

— 

14 AO 

14 A3 

14 ,96 

14 A3 

15,5 

15 

14 ,30 

14 .30 

14 A1 

14 .10 

14 ,91 

14 .74 


30 

14 ,06 

— 

14 ,21 

13 .93 

14 M 

14 A3 


35 

13 A9 

14 ,09 

14 J07 

13 .73 

14 .75 

14 A7 


30 

13 .69 

— 

13 .69 

13 AS 

14 AJ 

14 ,30 


35 

13 A7 

13 .54 

13 .79 

13 

14 ,54 

14 .11 


40 

— 

— 

13 ,61 

13 ,93 

14 A3 

, 13 .91 

ISA 

45 

— 

13 A3 

13 M 

13 ,64 

14 AO 

13 ,70 



The shove values are re pres e nted graphically in fig. 109 p. 170 ; It will be 
dicod that the curves for tho spots, facnlae, and flocouH, and the reversing layer 
■wi towards app roximate paialloHgn, but with well marked diffoences. Thefioc- 
jH and facnlae givo the asxno velocity, at least-up to latitude 25 *, which is always 
Igber, even at high latitudes, than that of the rev ers in g layer. The latter gives 
iwer valnes, and the sunspot values lie between the two. . 


1 Apl 43. p, 393 (1915). 

1 Pad Alleghany Ota 3. p. 117 (1914). 

1 Fabl Total Ota 3. fttft 3, p 169 (1931). See mtao the values taxnd by Ktumid 
r Um whSHo at vsrione levsh, which eunfli-m tbcae given above [M M 85. 

^ MtwBim Conte Mo. 48, p. 43 (1910) or Ap J 33, p. 50 (iplQ). 
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Tlie reversing layer excepted, the spots, famine, floccuH, and tlie mdlations 
of calcium and h y d roge n, present a regular ascending sequence of velocity, har- 
monfa j pg with die hypothesis of successive levels In the solar atmosphere; the 
spots lie at the lowest level and the velocity is less, the Qaldum (H and K) level 
is the higheat and velocity is greater and there is alas less equatorial 
acceleration. The r ev ersin g layer shows lower velocities and greater oquatorial 

acederation than theothorphe¬ 



nomena, and accordingly should 
be at a lower level, but this 1s 
Incompatible with the fact that 
Its level cannot be lower than 
that at the facnlan and the spots, 
b*^Twn theso phenomena pro* 
duco the samo spectrum, and 
lynmie some of the radiatiooa 
of the reversing layer roach ss 
high ss the enramospharo 
proper. 

TMs dfacropancy has not 
as yet boon explained, union 
we admit WnmuG's theory 1 of 
the nristence of two surfaces 
with constant angular velocity, 
one due to internal friction, 
and the other above the photo¬ 
sphere; bul we un die two Is a 
region in which die rate of 
variation of angular velocity 
with the Iadtudo readies a 
maximum, while on either lido 
of that region variation is lees. 
If we aamme that the revers¬ 
ing layer corresponds to die 
region where variation is more 
rapid, we must oxpoct that tho 
spots, which ere nearer to tho 


inner surface on the one hand, and tho faculae, floccuH, 2 4227, Ba and K t whan 


level Is nearer to the outer surface an the other, should show gradually decreasing 
equatorial acceleration It is also not dear why 14327 should give velocities 
which are so much greater than Hmn g faen by the «ddnwi flpccu lL Similar 


i fcLir.'V 


and Ha with a velocity of 15, u. It nmy be that tho region of absorption, where, 
In observations at the limb, bydrogm and 14227 have their origin, lies at a higher 
level than the floccuH, oar that the velocities of the floccuH are more affected 
by the low lords in which they have their origin. The question fa certainly vary 
ontnplsr and it cannot be said to be solved. 

17, Radial Motion in Sunspots. Distribution of the HJ smsn ts » n| l their 
Circulation in the 8olar Atmosphere. Solar and Terrestrial Analogies. The 
structure of the hy dr og en floccuH overlying the spots fa usually vortical, and 
the discovery of magnetic fields in mnspots leads us to suppose that the in- 


‘Apjhp.**? (1896). 
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candescent gases which constitute the spots are alio animated with vertical 
motion. In 1909 J. Evxhbhed, while instigating the Doppub on the 
lines of metallic vapours In sunspots, arrived at the following amdnsfcma 1 : 

4. When roots are at die ame distance from the centre of the son, the 
amount by which the nheorptlan lines hi the sunspot spectra are dfa phced is 
tactically the name. 

2. The displacement vanishaa when the ipoti are within 10° of the eon's 
contra, bat between JO 0 and SO* out and west of the central meridian the dfo- 
placanants arc conddenble. 

3 . The displacements are of opposite signs on o pposite of the central 
meridian and aro invariably towards the violet in die preceding part of the 
spot, and towards tho rad in the following, when the spot is east of the central 
meridian; the conveno la observed whan the spot is west erf the centre. In the nor¬ 
thern end southern hemispheres the displacements take place in the mme direction. 

4 . No (Hsplaccment la observed when the aUt bisects the spot pnpendiculariy 
to this line joining the spot and the son's centre (tangmtkl slit). 

A hypothesis which explains tho observed far** attributes the dj^ptocemaiti 
to radial motion outwards from the.centre of the spot, and •amity horlsontml 
or to tho son's surface; this also npldiu the ab—nrw of any displace- 

meat whan tho spot Is near to the etm'a centre. A hypothesis which Involves 
vortical motion or rotation of any kind shout an axis pa pendlcnlg to tlm son's 
surface does not barmonlao with the observed facts, for it eyjdgit ttrt f- Wiior 
motion implies a nodal paint when the radial sUt b is ect s the spots, and when 
the lUt is tangential the dtsnhcemact sfointri be a maximum. 

Tho incHnaHon of tho lines of metallic vapours in spots (Fe in fig. 110) 
su gg e sts on accelerated motion outwards from the umbra, which In Evxmm 'a 
observation! attains a maximum of 
about 2 km/eeo at the extrema edge 
af the penumbra. TUs outward motion 
refen to metallic vapours in the raven¬ 
ing layer, bat an examination of lines 
H t mid Jt, at high elevations shows, 
when they are well defined, similar 
displacements but in an opposite direc¬ 
tion, that is Lu w auls the violet in the 
region of the spot towards tho limb. 

Indicating an indraught of calcium va¬ 
pour from tho high chromosphere. The 
anvTrmf of displacement is of the seme 
ardor ss that of tho outward motion 
of the low lying gases. Evkmhxd 
forthf notes 1 , in his ^^hinal ofaSBT- 
vstious, that although the hnw of the 
reverting layer riant they are perfoctly 
straight when tlmy cram a spot, but there is a break w jolt at the point whare they 
atm from the penumbra to thanhotawphae; tfos is not the case with tines Hand 
K which usually a ppe ar cotved when viewed with a radial slit (27j in flg. 410). 
Whan the tilt is rotated through 90* (riit tangential) there lines become perfectly 
straight Hke tbs other alMptfcn Unes and show no displacement The ilsntizig 
erf the calrinm Unas seems to Indicste s decreasing velocity towards the umbra, 

1 MN 6ft p. 454 11909) and Kbdaflt Ota Ball Ho. IS (4909|. 
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la tiie nine way u the reverse slant of the other Hne* indicates an accelerated 
motion from tin spot, This cannot however be positively anertod until it la 
proved that there la no vertical motion in calcium vapour. 

Subsequent to Evkhsh oil's obrervatians, Sr. Johk 
undertook a farther aerlua of oboDrvatiQna with tho 
E 60-foot solar tower at Mount Wilson during 1910 and 
H 49I1 1 . In order to deal with them statistically a 
caruidaohle number of lines were selected such aa H, 
£ K, and Ha in the high strata of the chromosphere, 
A the more intanae fines of magnushun, aluminium, and 
§ iron at moan levels, and tho weaker linos at low luvuls. 
| The spectra of tho two edges of tlio nomunbn wore 

t photographed okogalde each other, with tho primary 
object of measuring the outward anil inward motion 
„ at the extreme edge of tho penumbra. Tho slit wai 

J ret radially end the velocities at tho edgus wore arenm- 

•g ed to be equal; the resulting npoctragramn are niu r o - 
1 duced in tig. 111. This method naturally dotarnunoa 
% the double displacement, became the linos of ono 
edge ora displaced towards tho red, and thoao of tho 
| ~ other to w ar ds the vialat and of tho spectrum. It will 
E £ be noted team the figure that tho linos do not return 
suddenly to their normal position after thoy leave the 
fjj penumbra. 

« Sr. Juror's observations substantially confirm 

Evershed’s hypothecs that tho (Haplncemunb ora 
j m due to movemoxta of tho vapotire and that those 
j® movements ore tangential to thu nun's Hurfnou and 
I "B radial to the axes erf the sunspot vorticun. Thu pro* 
I portianaUty b e tw ee n tho amount of displacement and 
. the wave length shows that tho phono monnci la acta- 
® ally doe to the Doppler effect, and that It la amncct- 

TS ed with the outflow from tlio spots of material from 

f the rev axing layer, and to tho Inflow of cliromtnpharic 
material Into tho spot. Tho new fact brought to light 
1 fay Sr. Jobe’s researches la that tho lncruasu of shifts 
due to an outward flow corresponds to a docrooso In 
the Intensity of tho fins in tho reversing layur, and 
I in addition an Increase in tho shifts duo to on Inward 

J flow corresponds to increasing Intensity of tho linos 
in the higbor levels of tin chromosphere. Thu must 
idanrih l e hypothesis Is that this phonomunon Is tho 
£ effect of dffftsencos of lovd. Tho outwonl velocities 
** Increase with increasing distance below a neutral lavol. 
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level erf velocity. The distribution af tho velodtiaa shows on Inflow at high 
levels and an outflow at low levels; at spoctroscopic lavoli rotational motion is 
not apparent, or at least, from Bveheed's observations with a tangential rilt, 
It see m a as if the motion were irregular and under 0,5 km/sec, bo if a vor- 
tg does Tto 1 it nmst be deep seated. 

1 Mt TOfen Contr Bo, 69 7+ (49*3) or Ap J 37 . P- 3» (1913) tnd 3fcp. 341 (1913). 
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Radial Ifetfcn In Sunapotm, otc. 


The phnnomcnon observed la tho outflow of metallic vapour in tho rewidng 
layer where tho vortex ends; tho inflow from the chnxnaaphae la a aecandaiy 
effect and may be taken aa an external Indication of the undoiying vortex 
in which the magnetic field la farmed. The secondary phenomenon shows Itself 
in tho vortical form of tho hydrogen floccnli depending on the intensity of the 
magnetic Held and tho rotational energy of the underling vortex. The calcium 
floccnli show little, cr hardly any, of thla vortical formation for the reaaon that 
calcium li*** at a hi ghnr olevation than hydrogen, 

Sr. Jamr’a observations may bo re p rarented diagrammaiically aa in fig. 112, 
which ahowa tho diroctlon of motion and the velocity of the gaaea at various 


Hf. 112. Vertical and Inn 


ion of tv 
of radial 


layer ohioaxaphan rfxnrlni the dtabibiitioD 
lei In aa Depots (St. Jenr). 


heights above tho apota; tbo lntenaltlea of the lines, on Rowland's scale, are 
marfcnH on tho vcctan which represent radial motion. The anowa i ndi ca te the 
direction of flow. The rounded head of the cyclonic disturbance la suggested 
by the broken line ctuvo enveloping the outward velodties. The broken lines 
with arrowB refer to pawrfblw vdocTtiaa below the umreihln levels. The lines 
of faree of tho magnetic Held ore Indicated in the usual way. A timin g that 
the Hues of greater Intensity are produced at doep levels, the direc tion and 
velocity of tho flow may be considered aa functions of the depth. The displace¬ 
ment! vary from large positive values for lines of low intensity to luge negative 
values fur ^ mere intense rwlefnm and hydrogen lines, and aero in the case 
of t he more Interne ■inminlnm and iron Hnea, Hence the effective level of a 
flue may be defined as that portion of the total depth of the vapour which is 
principally f J w u ' m Tiwd in the production of tbo line itself. For example the ab¬ 
sorption of one of Fbauhhovkh's Hues, whose intensity is 4 m Rowland's scale, 
takes place at a depth below that of a line whore in te n sity is 10 , beca u se of the 
greater selective aha n r p ti nn of the latter. In both casre.the ligh t from the photo- 
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sphere and from the lower and hotter layas la absorbed adrctlvely and cannot 
reach the surface, no that the Hgfat emitted by the twn wave lengths come* from 
the moro or km defined layers of the vapours which are thicker for the Hno 
of greater intensity than for the weaker. 

Spectioheliagraphlc observation strengthens thu idea of these effective lovda, 
and thdr eodatoica la fully confirmed by the radial motion, above tho spots, 
and by edipse determinations of the vapour levels. A comparison between the 
levels obtained from the bright of the chromospheric arches, os mcemnod by 
Mitchell during eefipree, and St. Joke's determinations from tho displacements, 
and therefore the vebdties, obtained for iron lines of Increasing intensity, may 
be summarised as follows: 


Haight and Radial Displacements of Iron Lino*. 


Solar lntsarfta 

(Bowlaxd) . . . 

R «i g i«t« in ka 


A. U. (St. Jans). +<W 
Dtafriaomoata hi kn 2J0 


279 I 3M 344 369 397 425 488 590 i BO 


6 1 7-9 10- 

'I 


oj+ewena+wnj +0^23 
1 1,7 ! 1.5 M 


+tyni +0bW9+cWHfl+o^iri+(v 

i* i.i | 1,0 | o* a 


-V» -3ft 


-ami -i.i 


-Oftlt -07 


Pig. 113. Abaolsta height* from flwh 
Una*; iahlhu ha^t* team dfcpkm- 


taSfTSi The sign + indicates that vapour Is flowing 
-ww -ift out ol the spot. Other elements give similar 
remits. At a hdght of shout 1000 kilo¬ 
metres tho outflow ceases and tho Inflow 
begins, which hecomoa mom ixmKHincodifl 
the height bioe asns. Tho agreement bo* 
-tLoffl -io tween the above methods cantlnucB to hold 

good with incmaring hdght; this ia ovi- 
dent from fig. 11) which shows a vertical 
section of tho solar atmosphere drawn to 
scale by St. Jamr from Mitchell's data, 
and from the radial displacements, Tho 
-oftiM -i,i diagram shows that the cmlisncnd Hncs of 
-aois -a? “ < ^ emen t extend hi hlghor olovutians 
than tho unenhanced ftnrg , ami also that 
tyim oo the Svebbhed effect ii main pronounced 
^Jgj T ;5J, u the elevation Increases, As In the case 
of tho terrestrial atmosphere, tho parcon- 
-oflm -as of heavy dementi is greater in tbs 
lower solar regions, while tho percentage 
of fighter elements increases with the 
altitude, although thdr absolute density 
deceases. 

amt afi Discussing tho radial displacements, 
Sr. Johii notes that tho dhplacovnonts of 
+AflW +** fines of the same intensity are greater in 
+Sa£ the rad than in the violet portion of the 
■Wfl** +tft spectrum. This wo may attribute to the 
fnu tat that our Instrument! enable us to 
n dkptam- plumb greats depths in the rad owing 
to the scattering of tho violet rays, in 


-<voos -a* 
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other words greater wave length enables os to roach lower effective levels. 
Since the upper portion of the effective layer, or the height to which the vapour 
of a tine extends, determines the length of the chramosphsic sreh, we w»pwct 
the sema to hold good far the flash spectrum. We might look upon part of 
this effect as duo to tho efficiency of the apparatus which is dependent on the 
■mritivaasn of the plates to the various wave lengths and cm the reflective 
power of tho surfaces. But after making allowances ftr these two circumstance* 1 
the fact atm remains that elevations decrease and displacements In cream with 
increasing wave length. 

Sr. John's researches, combined with tho results of ocHpse observations, 
lead to tho following cnuclmdana: that the vapours of the various elements rise 
to varying elevations In visible quantities; that the lines of any given element 
have their origin at depths which Increase with increasing intensity; that the 
enhanced lines are at a higher level than uncuhancad lines of the «mnn intensity; 
and that wu can reach greeter depths in tho son with the red, than with the 
violet portion of tho spectrum. The resulting distribution shows that the H % 
and K t calcium lines are at tho greatest elevations, followed by the hydrogen 
Hue Ha, and that, In general, the heavy and rare elements are only visible in 
tho lower regions of tho solar atmosphere. 

A secondary effect of tho radial mnHrm shove spots is that found by 
Eykhshed in tho caso of two spots obmrvod at Kodalkanal hi 1915 1 * * He noticed 
a jxcpoodcrance of recoding, over approaching, motion in the spectra obtained 
with a radial ilit. In other words, when the spot is east of the central meridian 
tho recoding velocity of the following penumbra is systematically greater than 
the approaching velocity of the preceding penmntra. The ctmvtssu is observed 
after the spot has paired the central meridian. 

On Ryxhshed's hypothesis wu obtain the effective velocities, parallel to 
the fan's surface, from tho velocities in the line of sight by multiplying the latter 
by tho cosecant of the angle at the centre of the aun between the earth and the 
mot, hence tho velocity rate of the spots is a function of the effective velocities. 
Tho mno phenomenon has also born ohaarved by Sr. John who investigated 
about 300 Iran Hum In various spoil; he remarks*: "the wave lengths are longs 
an tbo limb odgo of tho penumbra than an the centra edge when the spot is be¬ 
tween tho centre of tho son and tho Hrab”. The method adopted by Sr. John 
is naturally not the beat adapted to the dissymmetry in the motion 

of the vapours at tho edges of the penumbra. From the data avaflahle it cannot 
be definitely stated that the phenomenon is one which affects all spots or only 
a tew in particular. 

Assuming that tin observed displacements are due to the Domju effect, 
a hypothesis which may account far the observed facta is that the flow of material 
from the spot la directed dow n wards towards the solar surface, or in the term 
of a cone 4 , like tho flow of lava from volcanos. This hypothecs is not in cnnfflnt 
with the hollow appearance of the spots consoquent an the Wilson effect; this 
aft** h o w ev er only tnfti cites that the level of the umbra is below that erf the 
photosphere but gives no of the level of the penumbra. On the other 

land we have seen (p. 90) how observations based an the Wilson effect give 
very diver se results far the level at the umbrae. Observations of sunspots an 


1 Ml VRfcm Contr Ha. M, p. *7 |1pf4) cr Ap J 40, p. 35<5 (1914). 

a KnUk Ohs M Ho. 51 (191$. 

4 Mt WOwm Contr Mo. 69 , p. 17 (1913) o r A? J 37.J-3P. ( Wj). .. __ _ _* ^ 

4 h. Snll'afSotto Bv smxu nrib mini Tt s rwUn a i U dal Liaarf 

r. 6 ,4, p. 374 (193$. 
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the edge of the sun carried oat in 1865 by Tacchiki and disco—xl by Father 
Sscchi 1 , seem to confirm the poarihULty of vapour Issuing from the umbra In 
a conical form. 

Spectroscopic observations support this hypothesis, for tbo Inclination to 
the solar auriace of the velocity vector of any gaseous mass from the penumbra 
la easily measured, as hi also the velocity Itself by combining observations made 
at different times, that is in different position of the spot on the disc 1 . Thus 
for spot Greenwich No. 7225, Evxsshed'i observations cost and west of the 
central meridian, reduced in accordance with bis hypothesis to horisantal motion, 
give*: _ 



Vmm Urn 

lV-Wly 

l- ta5 ,b 


■ Spot 7203 (3* April 1915) 

East of C.E. 

Bpot 7203 (7* April 1915) 
Wat of C. 2L .... 

A—lining inclined motion and coi 
the centre we got: 

1 

3 +2Jt3 

3 -1.13 

nbining the obaurvat 

-1.14 

+ 2.59 

lone cast and west of 

— Us 

| taw Ti 11 I 11 J 

IWsi taSn 

M. 


Iwd. ’ r+*. kmfim 

Spot 7203 (3—7 April I91fl 3 | 

13*»S 

1.57 

10M 2,35 


To detmndne the inclinations it is naturally advisable to take several measures 
of the velocity at the edge of the penumbra when tbo spot is In various position 
on the disc, and to camUne the measures so as to obtain tbo most probable) 
values. This Is what is now being done systematically with tbo Arcotri tower 
telescope"; some spectrograms obtained there doariv show tho dissymmetry in 
the motion of the gaaa, end also ihow that the radial velocity maxima occur, 
not at the edges of the penumbra, bat at the edgoe of the umbra. Tho inclination 
of the spectral lines err—big the umbra and penumbra does not appear to bo 
constant with respect to the undisturbed Hues, the llnoa are corral and tin 
maximum curvature hi approximately at the odgo of tbo umbra. Some of the 
Arcotri plates show that the lines of metallic vmpoura behave In tbo name way 
as the Hue B § In fig. If 0 and not as the iron Ilnoe do, and that their appearance 
Indicates that the motion Is accelerated towards tho odgns of tho umbra and 
diminishes towards the edges of tho penumbra. 

Another feature brought to Hght by tho prulliplnary obaarvotiom ceiriod 
out eo far, is the amddenhle variation In tho aboduto vdodtioe for different 
apota. The highest velocities are tboeo obtained by Evxkshxu for low level 
lines, and amount to about 5 km per second; thn« obtained by Sr. Joan are 
somewhat U—, whhe at Axcetri there are conridarahlo dtffurancoe betwacn one 
spot and another, perhaps partly due to poor definition and to unatoadlnow 
of the solar image; but in one case (a spot it + 22 ° latitude which posed tho 
central meridian on June 1926 ) tta radial velocity roducod to horisontal 
motion wee 6,5 km/eec, the aanxmed Inclination was almost sero. Althou gh 
the spot was not a huge one, there were great chingoe and much activity in the 

1 L» Wall. I, dm*. Edit p .76 (1875). The lint edlttan of 1870 eootalia s sappcrftitfc— 
▼wtkml Motfan of t nnot flliliiltog tbs shove obswations sod ths outflow from tbs 
smbra dorawnde towards tbs pfaoCnpbwa. 

■ Kodsfk Ota BiD No. p. 169 sfe aq. (1016). 

1 Bsedkostl dal lined te. 6,4, p. 342 (190$. 




dph. 17. 


'HmIIjI Madwi in SuwpotSi, ofu. 


177 


nucleus. Wo may therefore perhaps Infer that the zone of maximum redial 
velocity ia a function of the spot's age, as la olao its level In the photosphere and 
its pro p ar motion in lon¬ 
gitude. 

OfasarvationB with a tan¬ 
gential slit show only very 
small and irregular move¬ 
ments of the vapours in the 
Hoc of eight, bo that if then 7 
should ho rotational motion “ 
it doea not appear to bo con¬ 
stant; and more extended 
observations, also In con¬ 
nection with magnetic Bolds, 
are noccMOiy in ardor to 
decide this point. 

The movements of cal- 
dum vapour in high chromo¬ 
spheric levels above disturb¬ 
ed regions, such as spots, 
as wefl as over undisturbed 
regions, have boon especially 
investigated by St. Jot* 
with the object also of oxo-* 
mining the general drcuUr 
tkmof the aolar atmosphere 1 . 

Wo have already raforrod 
to tbo Inflow of vaponr to¬ 
wards the spots which tokm 
plsco above the invonlon 
level; If wo study this more 
doaoly, by examining the K 
line, wo And that Its appear¬ 
ance is ganarelly very similar 
to that which it promts on 
the surrounding lloccnlj. It 
has two bright components 
K t and a dark central Hue a 
JT„ the width of K % however 
diminishes as tho umbra Is 
approached, and the absorp¬ 
tion lino ^bocomes mace In¬ 
distinct and Anally vanishes 
shove the umbra. From 
m easu res of tho wave length 
of K t and also at K t (when the Uttar Is visible an the umbra), compared with the 
ire, St. Johw concludes tlpt ryMnm vaponr flowa Into the umhra with a velocity 
which vmrim from 0,7 to 3>2kin/aec, and further that the vapour which la the source 
of the bright Una K t has little or no vertical nutina above the penumbra. The 
nalrhrrp vapour which prodncos the sLacrptlan line d sa c end s with a velocity 



1 KtWUmCaatr lto.4S (1?10) rad Ha 54 (Wl) ar Ap J S3, p.36 (1910) snd 34. 
p.57(i9H). . .. 
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of 1,14 km/aoc, which ia poetically tha mb u ita velocity ova the whole din. 
Redial motion (Evkbs&bd effect) of the n>Hnm vapour inwards and acroas 
the penumbra ia evident both, in nminrinn and absorption vapour, tltough the 
velocity of the famwr ia lem than that a£ the latter. Tho inward radial and 
evmtoally rotational rentie r to form a aphid, tx vertical motion above 

the umbra.; the velocity af this vwticsl motion la always leas to enriarion than 
for abaorption linen, and the directio n of motion does not appear to depend 
upon the hemisphere In which it takee place. 

Over the whole of tha tJw disc in undisturbed regions, linen K t and K t 
are neady always present; their wave lengths measured from tho Umb towards 
the centre, co mpare d with the arc, have enabled Sr. Jomr to find a mean upward 
velocity of 1,97 km/nec far the vapour which produces K t , and a moan down¬ 
ward velocity of 1,14 km/iec far tho abaorption vapour which producoa K t . 
The upward motion Is hkfeatad by the piugi 'e reiv e shortening of the wave length 
of the ciiihalnn Hne from the centre towards the Umb, and attains a maximum 
of 0,026 A; the downward motion Is indlcatnd by a p r u gres al v u lncrcaao In the 
wave length of the abaorption Whs from the Umb to the centre; tho displacement 
towards greater wave length amounts to 0,015 A The decrease and Increase 
in wave length correspond very closely to the component, along the Hne of flight, 
of a redial motion dotved from the displacements of 0,026 A and 0,015 A ao 
that the hypotheala of a circulation with the above velocities Is very ptibehlo. 
Measures af the mean wave lengths of K % and K t in equatorial, as wolf as In polar 
regions, show the nou-exktmco of currents of any appredehlo velocity parallel 
to the solar surface. 

F rom the dbtrfbutlm of the elements and thotr circulation In the solar 
atmoaphae, which we con c eiv e must take place, we may trace some analogy 
with rimilar tsneslrlal phenomena 1 . We know that tho percentage of the ele¬ 
ments in the t enant rial aimeaphau up to a height of 14 kflomotrea above tho 
i earth's aarface does not vary much hecanan of the continual blending canaod 

by Btormfl and convection currents. Above that altitndo tho density of the 
heavier ga» dnenwre more rapidly than that of tho lighter, hence lncroaring 
altitnde increases the percentage of the Unitor gases although thdr abaolute 
density decreases; at an altitnde of 100 kflomutras tho atmosphere consists 
! ahnoat entirely of hydrogen, with trecos a! hcHum and other- gases. Tho con¬ 

ditions in the solar at mrephfre in regions iccnarihln to apcctreacopic observatian 
seam to be very iimflar to those in the tttraatrlal atmosphere. 
f In the twrestrlal ahnoaplwe there is a laytr ‘ nxhmiHng up to 3 km 

1- from the snrfacn which la kept in a stale of continuous agitation by strong con¬ 

vection currents, and irregular temperature gradients. Above Hri* layer, up to 
an altitude of 10 km, conditions ere more stable and the variations mare 
un i form , altho ugh thia region may he affected by vertical convection oorrants 
caned by storms in the layer below. Beyond, in tho exterior layers which are 
relatively quiescent, la a region with a uniform, bat rovunod, temperature 
, gradient wmch hardly penetrates into the region below. 

In the lowest layma of the solar atmosphere, that is tho region which rnntaina 
1 the lowest levels of the revering layer, and especially in tfoJow lying gan, 

conriderable disturbances taka plane; hoe we also find an outflow of material 
| from the interior of the sun, and the outer portions of the sunspot vortices. 

Above is the levelling layer in a state of continuous ■ ri>aHnm ) imd although 
it ia relatively more quiescent then the layer below, it is Involved in the dfc 

1 Cf. 81. Jobs, Mt WUmOntr Mo. 74. p. 47 (1913) or Ap J 38, p. 36 (1913). 
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turbanccs which tmkn place below. Its composition, sad the movements of the 
goes In the neighbourhood of spots, seam to show that the chramoeplifire is quite 
distinct from these two regions. The dividing Hno appears to tie at the level' 
of Mro tangential velocity, that Is to my at the level where these is the invasion 
of the radial flow in the vartiaa. 

Direct observation of t er res tr ial cyclones adds little or nothing to our 
knowledge of atmospheric movements above the stor m centre, but in the case 
of the am, we ere able to fallow the movements duo to storms at high altitudes, 
became onr view paint is from the outside* 

Although tho general drenlation in the two atmospheres must nocammily 
be very diverse, yot it la probable that, whatever be their causes, cyclonic storms 
In both atmospheres are subject to the same hydrodynamic laws, and that 
observations oa two such different bodies like the sun and tho earth may be 
complementary to —rk other and ln»d to a better understanding of varlotw 
phenomena. 

18* Pressure in the Solar Atmosphere. Limb Effect Boms Effect 
The early spoctroscopfc observations of p ro reu ra in the solar atznospbedo 
strata, where Frauvhoto’s tines are produced, were based on the aheo h i t a 
difference between the wave lengths of the photaspheric and sic spectra, on 
the supposition that the solar atmosphere Is relatively quiescent and that 
than axe no other canses, except pr aams , which ptodneo displacement! to¬ 
wards greater wave length* Jewell, Moht.xb, Humphreys, Fahey, and Bum- 
BOV, compared tho wave lengths of Iren lines in the son with those in the are 
and obtained for the reversing layer ja os su re values which varied b etween 
5 and 7 atmospheres. 

Lata research, and tho discovery of the pole effect in the lines produced 
by the sic, show that then results worn very much in error. Bvzrbhed, Pxhot, 
and Salkt, axaminod groups of tines with very different pressure cnefflriwita, 
so that they only required to know the dtffarencns of wave length, instead of 
the absolute values of tho wave lengths. By their method the result is Independent 
of the hypothesis that Is the only came of the displacements, and given 

suitable data tho Doppleb and Enrenar effects can be eliminated. The p r essure 
values thoy obtained were lea than an atmosphere and differed from each other 
by a few tenths only. It was found that by eliminating the pole effect the 
dfff Hi y pnd botwocn tho presmre of various typos of tines woe 

greatly reduced, and that mare data were nuu reary in order to ascertain, 
with g n ia h ir accuracy, tho email displacements due to pa wn; those have 
■inm boon collected by Sr. Johh and Babcock 1 at Mount Wilson* They adopt¬ 
ed, as the basis of their measurements* the international standards of ac J s r 
wave lengths, os determined by grating spectrographs ssd inierferametm, 
fiid the Mount Wilson pwuni coefficients far the rednetkn of the wave 
lengths to vacuum, 

To qHinfnqtii as far oa p o^ibla the effect on the wave length due to 
of lovol in the solsr atmosphae, groups of tinea of apgEOxbnately 
the mnv intensity, and therefexe at nearly the same level, were used. To 
mbdmiao tho Doppler and relativity effects, groups of tines in the samp 
■pectral region were selected; it was found that anomalous refraction did not 
aeuthly n the results. From three groups of tines with JHTtfa i it puspB 
the a" 1 minus vacuum differences were ob t a ine d and h e n c e the jna* 

■Ores OQ thw wm. 

1 Mi WDu Cootr Mo. 106 (1915): Vo, 13* (191*): Vo. 27S (19*4) or Ap J 43, p. 331 
(1915)j 46, p. 138 tW7); 60, p. 32 0M> . r . 
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Table X. Pressure In the 8nn'e Seven!ng Leyar. 



E9 

\M _ 

mi_ 



1 



W»w 

Lm*k 



mmm 

&. 

10 

s\ 

3719 

+ IWM07 A 

04X119 A 

— Q4)H9atia 

*. 

10 

3759 

+ 0,0115 

0,0010 


4 . 

10 

4A 

4170 

+ 04)061 


- 0,26 

b . 

10 

S 

4158 

+ 04)066 

0.0031 


b . 

10 

6 

4 mi 

+ 0,0101 

0.0021 

- 0,22 

•. 

10 

8.3 

4191 

+ 0,0103 

0,0012 


4 . 

10 

4.8 

4239 

+ 0.0077 

0,00+3 

+ 0,3+ 


io 

4 

4237 

+ O0065 

0,0021 


«4. 

6 

S 

445® 

+ 04na 

04)036 

+ 04 >7 

b . 

7 

7 

4442 

+ 0,0088 

04X02 


b . 

10 

U 

4592 

+ 04X361 

00023 

+ 0.75 

m . 

10 

3.5 

4828 

+ 04W5 

04)015 


4 . 

10 

3.7 

4015 

+ 04)051 

04XM8 

- 04*9 

■. 

10 

3 

4632 

+ 043054 

04XM5 


b . 

10 

3.3 

4716 

+ 04X357 

041023 

+ 0.59 

0 . 

10 

3.9 

4766 

+ 04X353 

U4MG 


«■. 

10 

5.4 

4904 

+ 043062 

04X)52 

+ 0,29 


10 

2A 

4922 

+ 04X354 

04)024 


b . 

10 

4,1 

5542 

+ 04)078 

04)027 

— 1.UII 


10 

44 

5431 

+ 0,0084 

U4X221 


*.*. 

7 

4.7 

4773 

+ 04X370 

04)054 

+ 0.33 

b . 

7 


4762 

+ 04X360 

04X04 


Wdgfatsd Rian. 

L 

- 

- , 

- 

- 

+0.13±04>6 


The different groups give very discordant values; the weighted mean in¬ 
ferred to a layer of noma hundreds of kfkxnetna above the photosphere 1h 
0,45 ± 0,06 atmospheres, and shows that the p ress u re in tho rtmmdng Invar la 
only a small fraction of an atmosphere. This explains why Ifnoa which am 
sharp and well defined In the urn are wide and dlflnaod tinder moderate 
paeaame In the labarattry. 

The low p r ei s n re in the ruvnil ng laytf la in agreement with tho ixtHona 
found by thecretical or indirect methods In tho different ltrvds of tho suiht otnw 
spbere. Relying upon the irsriaatjqp theory, Saha condudon that tho cmiqdoto 
lonhaikm of calcium taka place at a {nwo of 40"* atmospheres and that 
this pressu re should he found at tho upper Hmlt of neutral caldnm; fruin tho 
totality of 2 4227 this Hmlt may be wthnnfnd to He at a height of about 
5000 kin. From the inoeaaed intensity of tho enhanced linos, St. Joinc 
calculates tho p r aiu e at mean levels to bo of the ordor of i0" J to 40“ 1 atnan 
■pheres, and Rcbhbll finds that for alkaline metals and earths tlio Increased 
intensity in FiAimHORR'a Hiwa paming from tho photosphoo 6000 ■ K to 4000° K 
la accounted for by the percentage of Ionisation at pr es sure s not grontur than 
10“* atmospheres In the absorption region. 

In diaenming the various methods for obtaining nwasorea of tho pressure 
on the sun's surface each as: the drtrpnaw of lines sonsltlvo to pnwmro, tho 
geonl opacity of the sun's extend regime, the absence of dlffuaod Hght In the 
flarii spectrum, the width of Frauvhdre’s 11m, tho gravitational equilibrium 
in extenal regions, radiatio n p r o c ure . Ionisation, and tho chemi cal equilibrium 
In tho solar atmosphere, Russell and Stxwaht* condudo that tho total praam* 

lUm. ApJ 57, P.222 M B ApJ 39, p.197 (4904). 
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osrphcric gases meat bo lorn than 10“ 1 atmoephoes, and that the jauuru 
ravening layer la not greats' than 10~ 4 atmospheres. 

tlio hypothesis that tbo vapour of Ca+ la in equilibrium under radiation 
a rend gravitation, R. H. Fowucs and Hrucs 1 found the mean piu w uiu 
sf tho order of 10" 11 atmospheres for a lays- of cmldtnn vappur lying 
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strength and direction of the current* In tbe immediate vicdnity of the vortices 
above the apot* bb Indicated by tbe length and direction of the arrow* in the 
second column. Fes' Ca + the tangential component of the vortical whirl, In* 
cheated by a circle, is the velocity measured directly; In the cam of Ha it is ob¬ 
tained from the lines of flow visible in spectrogram*. At tho highest obearmhlc 
level, ionised caldnm flows into the spot with a velocity of nearly 4 km/aoc; 
at loww levels hydrogai, ionised tltanlnra, and the vaponra of neutral cnlranm 
and sodhizn, also flow into tho spots, but with lower velocities. At tho highest 
iron and elinninliini level the mean velocity is saro, and at thoir lowest lovd 
the flow la reversed, and the velocity outwards Increases with tlio depth. 

Tho velodtia In the third column refer to tho mr disturbed disc and aro 
obtained, as already described, by spectroscopic integration over wide areas 
of the sun's surface. The fourth column gives tho jreauro determined by tho 
mothod described above, and the fifth column give* the mean angular velocities 
of the various lines found by different investigators between 0° and 45° latitude. 
It is evident that high velocity Is concurrent with high level, and In cunsoquenco 
then is an eastward dip or drift in tho upper layers: a permanent oust wind 
who* velocity diminishes as it approaches tho photosphere. 

The sixth column contains tho heights in kil om e t res above tho mean level 
of the photosphere determined from the flash spectrum during eclipses. In tins 
i«iw of weak lines the high tempwatnra of the vapours at low levels weakens 
them as absorption lima, but on the other hand high temperature and Un largo 
number of emitting centres along tbe Hue of light near tho limb strengthens 
them when they are visible in the flash as emisdon lines. Tho strengthening 
naturally affects the photographic plate, end consequently the resulting height 
of the weak lines is overestimated on eclipse plates. Tho heights given far tho 
knr level lines in the diagram must be therefore reduced by on amount which 
is at jnaent unknown. Future obssvationa will undoubtedly noconaitato con¬ 
siderable modlflaifau* in the suggested scheme of tho aalar atmosphere, bat 
we must concede that this general view of the constitution ol thu solar atmo¬ 
sphere harmonises with the observations made ao far, and also with theoretical 
contidaatians. 

The displacements of FaAUVHOftt’s tines on the sun’s disc, referred to the 
vacuum arc, an not only due to pnaoie, but also to other causes which axe 
difficult to trace on account of the minute effects involved. 

In 1907 Halm 1 noticed some displacements cf tho order O^M A towards tho 
red In the Una of the flmb spectrum compared with tbe apoctnim at thu .centre, 
and attributed the cause to the effective puamum in tho rovunlng layer being 
greater at the limb than at the centra; in other words tho gruatir p nwu r u in the 
lower strata is due to the relatively fangs path which light from tho Umb has 
to travel. Borneo* and Fabry 1 , from sbnfisr observations, condudud that the 
disp l a cements ore dee to a widening of the tinea at their red edges, the violet 
edges reteiniiig their normal position. Later reaoarohas by Ahamb 1 , who examined 
470 tinea of greatly varying intensities of a largo number of dements between 
X 3741 and 16573. confirm the Hmb—centre displacements. The *shfa below 
gives the dtoiarement* arranged in ords of wave length end intensity. 

Becont detimnhiaHnpa of pramre in tho atmosphere do not support 
the view that the limb effect Is due to the knr jwueauiu oriating in the uyura 
where the tinea under era urination are jxodneod. Other ramws have been Bug* 


1 AS 173. p. 273 (1907). l CEl«,p. 1741 (1909). 

■ Mt WDana Cqntr No, 43 (191*4 « Ap J 31. P- 30 (1910). 
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gested to account for the displacements, such si the Exmnm affect, the Domn 
effect, and ttiffmwi Hn] ecattaring. 


Limb—Centro D Is plaoom on tB ( Amin) . 
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In accordance with the general theory of relativity, the period of vibration 
of an atom most bo greater in tbo inn than in the earth, in the ratio of 1,00000212 
to 1 ; ao that Hght from a solar s ou rce must bo of greater period and greater 
wave length, that is with a shift towards the red, than from a corresponding 
terrestrial source. Far example a Hne of wave length 2 4000 most be dis¬ 
placed by 4000 X 0 , 00000212 , or 0,008 A tow a rds the red. 

Several investigators have undertaken to determine this displacement, and, 
although tbo amount in question is very small, the evidence Is in its favour 
and sup port s tho theory of relativity. St. John's investigations at Mount Wilson, 
with tbo powerful means at hla disposal, are by £sr tin meat extensive. His 
results 1 , obtained from the differences in wave length of 331 iron lines at the 
son's centre and in tho vacuum sic, an fahnlat»rf below, whoa the observed 
and cslcnlatori differences for the various groups of Unea erf differing intensities 
fa different parts of tho spectnufl are gtan. 


Comparison of obaorvod Dlspltos manta (Ban minus Vsjmsm) with those oni¬ 
on lit od from tho Thsory of Relativity. 
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The tendency of tho differences Ohs. — Cal. Is undoubtedly systematic in¬ 
asmuch as the observed displace ments of the intense line s are about 50 per cent 
greater, and those of the weak Unes about 30 per cost Ires, than the theoretical 
values. The discrepancy may probably be explained by the level in the solar 
atmosphere in which the Hn- of di fferen t Jntaadtiea are produced. This is c l e arl y 
shown by the behaviour of the enhanced and normal titanium lines given in 
the fallowing table: 


1 Wsah Rat Ao Pros 13. p.65 (1936). 
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E*d-Displacement and LoveL 
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It li evident that the trend of the dllfenmcea Oba. — Cal. la associated 
with the different levels when the three group of lines oro produced, hot 
on the other hand it appears that the deviation! ore not connected with the 
intensities of the lines aa is shown from the last two groups, which ore of 
approximately the same intensity. A similar tendency has boon observed by 
Adahb in high dhp e uk m spectrograms of Sfafa a, Procyon, and Arctnnu, and 
it la generally more pronounced with increasing star tempemtura. In account¬ 
ing for the observed displacement! it ahould bo noted that low premie, now 
proved to exist in tho reversing lays, and confirmed by Independent obser¬ 
vations on stare, removes the difficulty of having to make allowances for tho 
effects of jn m an and rey-curving, doe to anomalous refraction. Tho Zkehax 
effect in the sun's magnetic field may, at the moat, produce! but a slight and 
systematic widening of the Hues; so far the existence of tho Stark effect baa 
not been established. 

Thee remain therefore only the Doppler effect and tho Butanm offoct 
to be considered. Taken by thanrolra, they do not show a rod shift in harmony 
with observations. Taken together they provide a simple explanation of tho 
displacements observed at the sun's centre. Relativity explains tho general dis¬ 
placement^ while the Doppler effect, according to the results already described, 
supplies an explanation of the systematic deviations of high end low lewd Unas. 
In the last column of theTsble at p. 185 the magnitudes and dlxuctbns of tho roal- 
dnal radial motions of the solar vapours are given, after allowing for tho Em- 
btedt effect. 

In hla re sra irh oa on the general drenktian of cold am vapour in tho solar 
atmosphere (cf. p. 178), Sr. Johv has demonstrated tho oxistonco of a (loscunding 
current at a high level with a velocity of 1,14 km/soc, and an anounding ono 
at a low level of 1,97 km/sec. The modi smaller vdodtios, no brought to light, 
are die result of the spectroscopic integration of Hght from oxtoiuovo areas of 
the solar surface. At high levels tho absorption produced by tho down-drifting 
cooler vipom predominates, and the total effoct produces asymmetry towards 
the red, which increases with the elevation. At low levels, tho currents which 
rise rapidly above the granulations are more effective in jrodudng linos than 
the currents which descend more slowly owr wider and cooler areas; bunco 
those low level currents produce violet adits. The decrooso of up w ar d velodty 
with elevation produces a layer erf equilibrium fer Hnce of moan intensity at 
mean levels. 

The Doppler effect becomes sero as the Hmb is hjqrooobod, as in tho earn of 
tho osLdum K Hne, hence the systematic dlfferencoe botwocn high and low lnvois 
disappear. It now remains to explain tta Hmb effect hr the rtriduo alter aUuwlig 
far the Eobihx eflect. Adams’ results (first Table of p.lBj) caxmotbe comparod 
directly with there for the sun minus vacuum (second Tablo of p. 183) bocanao tho 
groups of Hues are different, tat, on the whole, we aoo that the limb ndnoi vacuum 
<HflnrsncM, on the avenge, exceed the red shift, which is due to relativity, by 
a small quantity (+(WXM 5 A). St. Jarre ettribatee this effoct to molecular dU- 
fuslon in acaxdanoe with the Rayieiqh-Schdbtxr theory. Tlw coeffickmt of dif¬ 
fusion vsrire with tl» square <rf the refractive power, end aa the resulting refraction 
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Qatar nn tho rod than an tho violet side of the line, a differential effect 
which tends to widen the line on its red side. The abarter path trevere- 
frum tho laym of low intensity at the centre of the son accounts for 
of dlffarundal widening at the centre, while the longer path boom 
ig layers at tba limb is favourable to a differential effect, 
ing to St. John, tho conclnshm, which we may come to from what 
Id on tho subject of mn pneenro, is that there axe three main canres 
jnt far the difference between solar and terrmtrial wave lengths, 
la pood bio to separate their affects. The causes appear to be doe: 
10 infltwnoo of tbo son's gravitational field on the motion of atoms 
t predicted by the general theory of relativity! this cause is effectual 
10 I 0 of the son's disc (Encana* effect). The second cause ia due to 
currants at conjectural levels in the solar atmoephore, end is active 
at high levels and upwards at low levels; it ia a maximum at the 
o disc and vanishes at the Umb (Doppxjkk effect). The third Is doe 
al scattering which la a maximum In the case of light from the 
effect 1 ). 

other hand Bumra and Mxggkbs 1 at the Allegheny Observatory, 
1 ont a series of extensive measurements of standard solar wave 
1 have also compared the son and vacmnn-orc spectre, which coo- 
a rod shift of Fiuuxhofkb'i Unea increases with inoeaalng intensity, 
■lo question involves so many facton they considw that farther 
rrferny bufure pranonneing definitely an the nature of tbo red shift, 
ymmatrical ahnrptkm Hno is displaced indefinitely as absorption 
d therefore to account for the red shift it is only necemaxy to smnme 
r lines are nnsyrametrical and that the asymmetry increases slightly 
.vo length. The height above the photosphere at which the flash 
lcs can be obs er ved is connected, above all, with the intensity of 
1 the level thus determined is therefore always dependent on the 
*ho rod shift may therefore be taken os connected with intantity 
with level According to tho two authorities above, befcxu the 
a gravitational shift can be determined, it is pecesany to find the 
thor slightly larger displacement which manifests itself as a dtsplace- 
incroaaoB with Tncrcaslng Hnn intensity. Up to the iitsait wn can 
] tbo differential nffert, that Is tho amount of the shift of the intense 
pared with that of tbo weak tine a. 

xVortioso. Magnetic Fields In Sunspots, Magnetic flsasiflnsti o n 
The Law of Sunspot Polarity. Vortical motion of the gases ow 
revealed in ipoctraheliogreins taken in the m onoc hro matic light of 
10 appearance of tho simpler vortices around the spots shows 
tatkm is <dmflnr to analogous phenomena an the earth, that is the 
rotation is counterclockwise in . the northern h emi sp he re and dock- 
ootiMm. The direction of terrestrial vortices ia determined by the 
Ion which the tinner velocity of the air between the polos 

.tor, end it would be only natural to snppose that the inn's rotation 
lino the direction of rotation of solar vortices. But the laws which 
oydones must be more complex, b eca m e the direet km of their 
3 t always the Mine; cues have been rectxded of spots in the same 


date aqnritfcHi of this subject 
Bvtdaaoa for the Gr*rlt*Ut«ml T 
Eumia k Theory". 1ft 'WJhon 
logbeny Ota a p. tOJ. 
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hemisphere, and dew to each other, with vorticea revolving in different diruetdonn. 
Tbs attraction exerted by vortices on the sunuunding gsaes la aoirmtimna evident 
(cL p. 117), for the dark floccnii seem to be occasionally drawn toward* the 
cent re of & spot; bat as a gausal nde than la nearly always vortical motion 
in the hydicgon flncrnH shove the spots. This suggested to Hali, In 1908, 
the hypothesis that a snnspot ermrists of a vortex wboae particles, alec trill od 
by inni—rinn In the solsr atinosphere, sre whirled at a high velocity. If wo 
aaamne a preponderance of positive and negative ions In the rapidly whirling 
gares, we must admit a resulting magnetic field above the sputa coraldonxl om 
electrical vortleea. It occurred to Halx that K tho supposed magnetic fields 
are sufficiently Intense, the Zroux effect ought to dladoee them; in foot, lui 
was soon able to make certain of their px wam ce and to obtain conclusive proof 
of the erlatmcri of a magnetic field In every spot 1 . 

It is well known that when a normal Zkkmav triplet is observed along 
the lines of fare* of a i w ^tl c the central co mpon ent P dtappoars, and 
the two lateral componai ta s are drcnlaiiy polarised In opposite (Unction*. 
If a quarter-wave plate and a Nicql jxiam are mounted on the silt of tho upoctro- 
■cope, cme or otbv of the • components can he extinguished at wlIL When ono 
of the campanenti Is extinguished in a given portion of the Nicol prism, novondng 
the current In the colls of tiw —fff ns t nm— that companont to reeppoer and tho 
other to dl&ppear. Wo thus have a simple means erf determining tho polarity 
of a magnetic field, which can be used for ingles between the linn of night and 
the lines of force up to 60“ or 70 s . In this csss, however, the p component of 
the triplet Is also visible and the eJHpticaHy polarised light of the n cnmpnounbi 
can only be partially extin g ui shed. If wo consider a spot in the contro of the 
solar disc, and smune that It is produced by a vortex whose axis Has in tho 11 du 
of sight, than if the vortex produces a powerful magnetic Add, tho upoctral 
fines, either of mntmlnr or absorption, sre widened and doubled under tho 
Influence of that field and their components are drcnlaiiy polarised in oppo¬ 
site dhectkms. 

The doubling of the finds had been noted by Lockyxh In 1866, and later 
by W. M. Mitchell, tut was attributed to doable revered noted on lntanw 
Hoes as co ns equence of lnaesied depth and density of the gases. With tin 
powerful spectroscopes used in connection with solar towers, Hals was not only 
able to eatshllah the peseoce of magnetic fields, but to observe, lor uxamnlu, 
the red component of a doublet in the spectrum of a spot, with a vortex revolving 
In ana direction, and the violet annpment In soother apot with a vertex revolving 
in a c ontrary dtwp jl nn. 

Whan a normal triplet is examined at right nngti» to the Anus 

of force, the p component is racHHnaariy polarised with the direction of the 
vitratkna parallel to tho Add, while the vibretions af the % components uo In 
a plane at right angles to the field. So that when a spot Is carried towards tho 
fimb by tho wm's rotation, if a magnetic field be preeent, the firms should gonurelly 
be repe ated. Laboratory experiments show that the trlplots are actually 
quadruplets, or two doublets, each compo se d af a wy doeo dodblo 1 I*tb or of 
a more complicated structure; hi the wialuii snnspot magnetic mid the nb w? 
double fines which form the doublet or the multiplet cannot usually be aimer 
rated. Far exset comparison between the laboratory and the sun it is also 
nernnsiy to know the Incfinatinn of the axis of the v ert ex referred to the 

■qlpi* «nrf»r> 


1 MfWTboe Cootr Mo. 165 (19191 « Ap J *9. p. 153 (1910). 
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The dbtanco between tho components of doublets or triplets In a magnetic 
fidd varies greatly In different line*. Some lines are not affected, others an 
widened, and others again show complete separation. It is therefore necesrery 
to compare tho widening and tho separation of the Hues in the spot spectrum 
with the corre spo nding changes In an artificial magnetic Held 1 . Safer and labor¬ 
atory obrervatious of lines in a magnetic field nearly always agree, as will be seen 
from the table below which refers to tho iron doublets. 
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The distance between the components of llnoa obaavud in the laboratory 
is given under AX Spark, and aa tho intensity of the artificial Arid was 5,1 volts, 
tiiatof the spots is given by ri 1/5,1. There separations of the components ore directly 
comparable with tho corresponding Una of the spots. The Intensity qf the 
la b or atory magnetic field was 15000 ganreoa, that of the spots must have been 
about 2900 gatuaoa; among the more intense fields in tho sunspot spectra one 
of 4500 gaurnen was recorded. Tho various chromium and titanium llnoa do not 
thaw each clcee agreement whan tho solar and laboratory observations are com¬ 
pared. Snynn Hnna such as D sodium, and b trM gTwjnm , found at high elevations, 
■ro only very slightly widened, but as they are considerably affected by an artificial 
magnetic flnld, wo must conclude that tbo intensity of the sunspot magnetic 
field decreases rapidly os the distance from the solar surface increases. 

PnaTOM’slaw: AXfX* —constant, is found to bo only rigorously trne far evtain 
series of linos. While complete agre e ment is hardly to be expected, espedally 
when the Hub of various dements are considered, yet it is of interest to aee 
whether thn decrease in tho separation of the doublets towards the violet 
follows that law. It has been found 1 that the law bolds good e. g. for certain iron 
Unoa, If tbo moan separation of a sufficient number la taken; in this case the 
widening jxudncod by tho magnetic field diminishes rapidly towards the violet. 
The demand far largnr «nn images, in order to separate batter the diffaant 
elements in spots of mare ar lore complicated structure, and far greater dispersive 
power fa ardor to raaolvo tbo compone n ts of Hrew under the inflnenre af weak 
nwgtwti n fields, lod to the construction of the 150^oot solar town at Mount 
WQson, connoctod with a spectrograph of 2) m focal length with a di s un ion 
of 1 A ™ ) mm in tho socond order of tho spectrum. With there powerful in¬ 
struments daily observations, visual aa well as photographic, of the polarity 
■nd intensity of tbo magnetic fields in sunspots were begun in 1917* 

The polariser is a Nicol prism mode up of several rec lions ao as to cover 
tho wtale of the slit, which is 150 mm in length. Above the Nicol prism is a 
compound quartawave plate, mounted on a jivot so that it may he swung 
■site to adjust tho Nicol prism, or to admit of a circular half-wave plain 
hwinfl jn t f p q apd between tho c o m pound plats and the priam (fig. 116 , p. 188), 

The compound quarter-wave plate ja made up of strips of mica 3 mm in 
width, with thrfr jalndpal sections normal to each athff, and making an angle 

1 Ht WDnCoatr Vo. 30, p. 12 (1908) or Ap J 38, p- 315 (190Q. 
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of 45° with the slit. In this arrangement it is evident that if one of the com¬ 
ponents of the doublet, say the red, is extinguished by one of the strips, the next 
strip damps out the violet component, and so on; so that the Nicol prism will 
transmit the violet component, for example, through the even strips, and the red 



Fig. 116 . Slit and polarizing apparatus used ■with the 75-foot spectrograph of Mount 
Wilson. Compound quarter-wave plate swung to one side. Below: Showing the long Nicol 
prism mounted immediately above slit. Above: Showing the circular half-wave plate in 
position above the Nicol prism. 

through the odd strips. If the spectral lines axe separated by the magnetic field, 
the components appear as interrupted lines and the amount by which the com¬ 
ponents are separated, is greater or less depending on the intensity of the field. 
A reversal of the current producing the field causes the n components to inter¬ 
change, so that we thus have a simple means of determining the polarity of the 
field even if it should he complicated or variable in a comparatively limited 
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portion of the sun. The compound quarter-wave plate is replaced by a compound 
half-wave plate for the investigation of plane polarisation phenomena; for 
special work, circular half-wave or quarter-wave plates, which can be set to any 
position angle, are also used. 

In visual observations of magnetic fields the polarity of the field is determined 
by the component which.is transmitted by the reference strip of the compound 
quarter-wave plate; the intensity of the field is measured with a micrometer which 
consists of a plane parallel plate. By inclining the plate, the various adjacent 
sections of the spectral lines, visible through the 
compound quarter-wave plate, which have been 
shifted by the magnetic field, are made to coincide. 

The micrometer is calibrated by measures on lines 
whose separation, for a given intensity of field, has 
been previously determined in the laboratory: the 
well defined iron triplet A 6173, whose n compo¬ 
nents can be still seen separated in a field of 1000 
gausses, is generally used for calibration. In this 
way the angle of inclination of the plane parallel 
plate is converted directly into gausses. 

As a rule the line of sight does not coincide 
with the direction of the lines of force, so that 
the circular vibrations enter the analyser as ellip- 
tically polarised light together with some of the 
linear vibrations of the middle component. It is 
therefore necessary to investigate the action of 
the quarter-wave plate and the Nicol prism in 
this tangle of elliptically and plane polarised 
light in order to obtain the relative intensity of 
the components. Let y be the angle between the 
line of sight and the lines of force, and taking 
the sum of the intensities of n„ for the violet, 
itj for the red, and p for the central component 
to be equal to unity, we find 1 that the relative 
intensity of a set of alternative strips for any value of y between 0° and 180° 
is given by: 

\ (i - cosy) a ; p = -~sin 8 y; «r = \ (1+ cosy)*. 

The variation of the intensities of the three components for different values 
of y is given in fig. 117, and having found the relative intensity the value of y 
is determined. 

It is interesting to compare the results obtained in the laboratory with 
emission lines, and those obtained with Fraunhofer’s lines for different values 
of y . For example the zinc triplet X 4680 appears as in fig. 118 a, b, c, p. 190, when 
photographed in the spark spectrum between the poles of a powerful magnet 
with a Nicol prism and a compound quarter-wave plate at angles of 0°, 60° 
and 90° with the lines of force. When the line of sight is parallel to the lines 
of force the p and one of the n components axe completely extinguished. At 
right angles to the line of force, when the triplet is a normal one, the intensity 
of the p component is double that of the n components, which axe of equal.in¬ 
tensity. Between 0 ° and 90 0 the plane polaxised p component is of mean intensity, 

1 Seams, Mt Wilson Contr No. 72, p. 5 (1913) or Ap J 38, p. 99 (1913). 



n v p n R 


Fig. 117. Relative intensities of 
the three components of a nor¬ 
mal Zbkmah triplet for inclin¬ 
ations of 0° to 180° between the 
line of sight and lines of force 
when observed with a Nicol 
prism and quarter-wave plate 
placed in front of the slit of the 
spectrograph. Thus for 0° the 
relative intensities are: 0 ; 0; 1 re¬ 
spectively; for 90°: 0,25; 0,50; 

0,25; for 180°: 1; 0; 0. 
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while the elliptically polarised n components axe no more completely extinguished 
by the Nicol prism and quarter-wave plate, conformable to the formula above and 
fig. 117, p. 189- Substituting a compound half-wave plate for the quarter-wave plate 
and observing the triplet at the same angles to the lines of force, the appearance 



i 3 k 1 

Fig. 418. Zbbman effect in the laboratory (zinc triplet X 4680 from a to f) and on the 
sun (iron triplet X 6173 from i to 1) (Mt. Wilson). 

is as shown in fig. 118, d, e, f. Parallel to the lines of force, that is at 0°, when 
there is no plane polarised light, the half-wave plate and the Nicol prism have 
no effect upon the circularly polarised n components. At 60 0 the plane polarised 
P component is extinguished by the alternate strips, and the elliptically polarised 
* components (fig. 118, e) appear, but their intensity is greatly reduced. At 90° 
the n components appear in one set of strips and the p component in another 
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{fig. 118, f). These observations may be directly compared with those made with 
the iron line X 6173 which resolves itself into a normal triplet under the influence 
of a magnetic field (fig. 118, i, j, k, 1 ). i and j represent the lines as observed in 
spots near the central meridian with the Nicol prism and compound and simple 
quarter-wave plate respectively. The angle y must have been approximately equal 
to zero, because the appearance of the triplet is intermediate between a and b; 
in j there is, in addition, a reversal of polarity in the two umbrae contiguous to 
a large group of spots (August 1917). k and 1 show the same line above spots near 
the limb, observed , with the Nicol prism and the compound and simple half-wave 
plates; these two figures may be compared with the similar representation in /. 
When the spot is close to the sun’s limb, assuming that the lines of force are 
perpendicular to the sun's surface at the centre of the spot, and that they slope 
more and more towards the edges of the umbra and penumbra as indicated in 
fig. 118, g, we are able to see whether the polarisation phenomena support the 
hypothesis suggested for successive positions of the slit indicated by 1 to 7. 
In h (fig. 118) are marked the positions of the slit on a spot observed on the limb 
on the l rt October 1915 with the Mt. Wilson 150-foot solar tower. The triplets 
X 6302,709 and X 6301,718 examined in the second order of the spectrum of the 
75-foot spectrograph with the Nicol prism and compound quarter-wave plate, 
showed that the red n component (JR) was more intense in that part of the spot 
which was nearest the limb, while the violet n component (F) was more intense 
in the opposite part, indicating opposite polarities on opposite sides of the 
spot, consistent with the assumed inclination of the lines of force. When the 
slit was in positions 2 and 3 , the lines of force were away from the observer, 
and R was more intense than V. Between 3 and 4 the n components were 
of equal intensity, showing that the line of sight was nearly perpendicular to 
the lines of force. In the other positions of the slit, the violet n component was 
more intense showing that the lines of force in the spot were directed towards 
the observer. 

The true polarity of a spot near to the limb, corresponding to the polarity 
of the umbra when near to the sun’s centre, can therefore be determined by 
observing that part of the penumbra which is nearest to the centre of the sun. 
The observations are complicated by the fact that the polarity of spots is not 
always regular, especially in complex groups; yet the observations carried out 
by the methods described, and also on spots on the limb, using a Nicol prism 
and a half-wave plate mounted on a graduated scale, which measures the angle 
between its axis and that of the Nicol prism, show that at the centre of the spot 
the angle between the lines of force and the sun’s radius at that point is zero, and 
increases to 70° at a distance of 0,9 from the centre of the spot, the diameter 
of the spot being unity. 

In describing the characteristics of sunspot groups (cf. p. 87) it was mentioned 
that sunspots frequently consist of a couple of nuclei whose distance apart may 
be as much as several degrees. The western or preceding nucleus is often the 
first to appear, but sooner or later a second nucleus of about the same size as 
the first, though often smaller and split into several components, appears be¬ 
hind it. Sometimes the two appear simultaneously, at times the following spot 
is formed first. Many smaller spots generally accompany the main spots, but 
they may also be grouped near to them, or even spread over the space between 
the two principal nuclei. We have also seen that the axis of these groups is more 
or less inclined to the equator. The magnetic characteristic of these binary 
groups is that the two principal members of the group are nearly always of 
opposite polarities. 
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The tendency towards a bipolar formation la very marked In tbo groat 
majority of spots, and in cans where the spots are single wc erf ten find traces 
of asymmetry In the frequency of the famlaa or floccnU which prcaxlo or follow 
the spots. In spectrohehogmma, a single spot, or a group of small spots with 
the same polarity, Is often found near to the preceding odge of a mass of cakdnm 
floccoli which is elongated In a direction slightly inclined to tho solar equator. 
The distribution of the caldnm car hy dro g en floccoli therefore throws some light 
upon a magnetic clarification of sunspots. 

The following Mount Wilson clarification contains throe groups; it is 
bsnd principally on the determination of magnetic polarity, and also takas 
into consideration the distribution of the and hydrogen floccnU which 

accompany the spots. 

Unipolar Spots. Single spots or groups of small spots having tbo somo 
polarity. In this group the distribution of the lloccult may vary, as Ulnatmtod 
In fig. 119, as follows: 

(a) Unipolar spots with floccnU which precede or follow the centre of 
the group In s fairly symmetrical formation. 

(ap) The centre of the group precedes tho centre of tho summndlng 
calcium floccnU. 

(«/) the centre of the group follows the centre of tho sammnding caldnm 
floccoli. 


Bipolar Spota The simplest and most chmractirlatlc bipolar spots consist 
of two spots with opposite polarities; the Hne joining the two spots Is generally 
rightly inclined to the solar equator. Each c ompon ent may consist of a group 
of smaller spots or may be accompanied by numerous small spots, but tho great 
majority of the spoil which make up the preceding or following groups are of 
opposite polarities. We thus have the following sohnlivlsloDs (fig. 130 and 121): 
(fli Bipolar spots whose preceding or following components, formed of a 
single spot, or erf several spots, are approximately of oqnal areas 
{tip) The preceding component la tho pinapol member of the group. 

(fif) 'The following component is tho irlndpal roembor of tho group, 
ifij) The preceding or following components are accompanied by smaller 
components of opposite polarities. 

Multipolar Spots, (y) The groups, which amount to barely ano pur cent 
af the total number of spots observed, consist of spots of opposite polarity, 
but their distribution is so irregular that they cannot bo Included in tho bipolar 
gronpa (fig. 121 p. 195). 

The iron Une 2 6173,553 fou been regularly obearvod visually at Mount Wilson 

since 1915 fo order to ascertain which of the w components, R (towards tho red) 
and V (towards the violet), are transmitted by tho reference strip of tho qunrtor- 
wave plate and the Nicol prism. The distance bo tween R and V, measured 
with a micrometer, gives the approximate intensity of the magnetic Hold ax- 
jxeased in units of 100 gausses: thna denotes that tbo violet component is 
transmitted, that is the polarity of the spot is "south** (south sookliw polo or 
negative Uloe the earth's north pcie), and that the intensity of the field is approxim- 
tidy 1700 gi n— . The observations are plotted on a tito gmm (fig, \22 p. 195) 
representing, in re d n eed s c al e , the solar of 43 cm ^ tho focus 

of the 150-foot solar tower 

Fig. 123 P* 196 is a section, of the Mount Wilson map of tho sunspot spec* 
tram and shows the appearance of the lines in the portion bet w een A 6150 and 
2 6400 under the faifloeuce af a magnetic 
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The remit a£ the d—Iflatfam of 2174 gr onpi , ofanned bo tmxsi 1915 
and 1924, gives the fallowing pemmtsges for the different groups 1 : 
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The bipolar clua i» therefore the predominating typo. 

Previous to tim 1912 minimum (ant cycle, 1901—1912) polarity of 
the preceding spots In the northern hemisphere was wrath or negative, and 



S 


s 


s 


that of the following spots north or positive; In tbo son them hemisphere the 
polarity was ravened. We have seen that the last spots of the preceding cycle 
appear in kiw latitudes, while the first spots of anew <yde ajmeor in high latitudes 
and as the ctcIo p rog nraua their mean latitude decreases. The spots of the new 
cycle (second cycle, 1912—1933) which began to appear In small numbers In 1912, 





Fig. 122. Racocd of 


pokrttW at UL WDu, 14“ M*y 1917. 
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la high latitude*, were erf opposite polarity to the— in low latitpdea belongfng to 
the preceding cycle. A* the new eyde advanced the «pots became moro munatraa, 
and the polarity of the new spots, ex ce pt about 4 per cent, did not change. 
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new spot* vu reversed, that is, It was of the anno sign as that of the lint cyder 
1. e. of the first spots of the 1961 mlirifcrum. The limi ts of the s ump o t halts, 
the high latitude belt, between 16° and 40f, of the new cyde and the low. latitude 
belt, below 16°, of the p ravl q aa cycle.ate-hot well domed in dther hemisphere, 
and it is difficult at times to a Tines tc the spots to their p ro per sene, but the 
existence, at the time of sonqpot minimum , of two temporary belts in each 
hemisphere containing spots of opposite’ polarity is certain, thus establishing 


hemisphere containing spots of opposite' polarity is 
a well defined law of polarity in su cce ss i ve ». 

cydea. We may note that the equator de- 1 1J .; 

finitely divide® the belts of spota of oppo- ' 
site polarity; this la typically exemplified - 

in two bipolar g ro up s observed at Kount 
Wilton in August and September! Qi 9 , one n 

in 6 ° N. and the other in 3 " S. latitude, emiv 
During their paanga acron the disc, the —► 

leader of the northern group was drifting 
towards the equator at toe rate of 7200 km 
per day, whflp the learihig spot of the 
southern gr oup increased rapidly in dia¬ 
meter, until both-ipote touched the aqua- I 












Septembc 13 **; the northern spot was tiw equate. lS^Bopt 1919 (ML 
50000 km in diameter btmI the- southern . . 

42000 km, the distance bet s tun their two centres was 50000 km. Oti that date 
the maximum intensity of their magnetic fields was 5400 and 27d0!-faareni 
respectively, and the polarity of the two spots had different signs. 



fig. M5> The lew at auaaput polarity. Tbs ca ms njmnt tha ap trorim a tu variation 
is mu lstttads sad tha oo r iwp o o mng uifnsHo pataritiaa at spot croups ofaaervod at 

05 . His p rana ffla g spot ia above 1 


ML Wilson fnxn Juno 1908 to Jamary 1925 


1 otaaervod at 
an tbe right. 


From the Mount Wilson observations the law of polarity may, with lew 
exceptions, be oxp r iroed diagrammatically as infiga. 125 and 126 , or put into 
war m as fallows: 

The sunspots in high latitudes, which marie the beginning of a new 11 , 5 -year 
cycle, following a period of mintrmnn activity, are of opposite polarity in the 
northern and southern hemkpharea. As the cycle augie es us the mean latitude 
of the roots in each hemisphere decreases slowly out the polarity remains the 
—mu. The high latitude spots of the next 11 , 5 -year cyde, wiriah begin to develop 
rather more ^ a year before the disa p pe ar ance at the low latitude roots of 
the jrecading cycle, sre of opposite polarity to the low latitude spots of the 
preceding cyde. 
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• It In obvious that a change of polarity at eodi successive minimum In future 
cycles will establish the troth of this laV. Vyhlle the interval'of 11,5 yean well 
re pres e n t! the pgiodic variation In the numb® er total ana of su nspots, donblo 
that Interval, or 3} ye an , muit be cohridered aa covering tho whole ennapot 
period, uamspuudlng to the Interval b A ween the succealve appearaneo In high 
latitudes -of spots of the earns magnetic polarity, TUa p®iod of 23 yean may 
bo known u the magnetic ennapot period, to (tistingulih It from tho 11,5-yoar 
period of sonapot frequency. Tho relative numbers aa well aa the area of tho 
spoti fit die 23 -year period, anil, aa we have men already (cf. p, 96) fromTuumn's 
analysis of Wolf's relative numbers, that period iHaftra the obnorvatlana hotter 
than one of 11,5 years. 

The extensive magnetic fields revealed by tho spectrataeliagrenh In tho 
hydrogen surrounding the spots may be due to either real hydrodynamic vortices 
resembling tornadoes, <v to electromagnetic phenomena which compel the 



Pig. ia6. Bmqwt boms dating tbe minimum of aolar activity. Tvo sues In each 
iolllhn to which the nets are of oppo rit a nugnatio pohrity, cM Ux afaoafe tvu 
ywxi at the time of tmen rapet mfadnmm (ELols). 

particles moving In the solar at nvphrm to folio# the llnaa of farm. St&tlstiad 
rteeurch, earned out on apoctroheHognmi taken at Mount Wilson 1 during tho 
last three 11-year cydee, shows that thorn la no connection botwoou polarity 
and the direction of the vixtex whirl, and moreover, that alter the mverml of 
magnetic polarity in two aoccemive mlnlim, there Is no corresponding 
of the whirl In the mandated hydrogen vortices. From this It would appear that 
the electromagnetic theory la not tenable. In fact, we also find, from tbe spoctro- 
heUograras, that 81 per cent of the northern, and 84 per cent of tho sou than 
raticea whirl In the same direction aa tnit ea Ui al cyclones. This fact, coupled 
with the drculation of the solar atmosphere above tho spots, soggati that the 
vortices are of an electrodynamic nature rather than electromagnetic, and that 
the direction of whirl la generally determined, not by tbe direction of tho vortices 
below, but by a drfle ctin o, east or wed, dw to tho sun's rotation, of currents 
In the solar atmosphere flowing north or south towards the contras of attraction 
above tho spots. 

The sonapot phenomen a revealed by the apectrohellogreph, aa also a study 
of the magnetic fields, lead to a better mklerstandiig of ttoHlb of a spot, or a 
group of spots, than Is possible with direct observation In white lights, 

1 WsANttAcPOm 11 , p, 691 (19V). 

1 8. B. W ic ewjoai, Tbe life of a 8u4pob Pttbt A 8 P 36, p. 346 (19219. 
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. A group of ipota usually doVqlpp^ In a well defined manner, although there 
are occasional exceptions In tho caae'of f^oall groups of short-lived spots. Atypical 
group at ita first appotrtnee connate -M two snail spots of opposite polarities, 
nliTwwt at the aame distance from the equator, but from three to four degrees 
apart In longitude. At feat development la fairly rapid, the group attains Its 
maximum atea In about a weak. At this stage the principal spots In the group 
grow rapidly, and numeroda small spots appear, usually near to the principal 
components, but also In the apace between them. As the area of the group 
Increases, the principal components diverge until they an about 10*, or even 
more apart In longitude. The leading spot la generally rather larger than the 
following czno, and la more symmetrical and lua subject to rapid changes. The 
phase of maximum activity lasts a few days and then the gr oup begins to 
decrease slowly; the fallowing spot, which from the beginning was the least 
stable of the two, is the first to dJaarmeor, usually it bruin up Into a number 
of small spots which gradually dlmfmah in size. After about a week or so, 
only the precedin g spot remains; this may live far several weeks or even 
nwwithi, gradually in she, but — breaking up as did th* follow* 

iug member of the group. 

The first indication of the formation of agruup of spots appears In spectro- 
hdJogrmns taken in calcium light (Hnca B or Jt) winch show, a day or two b efo r e 
the spots are visible, bright floccuH in the high aolar atmosphere covering the 
region over the group. These floccull stQl persist even after the following spot 
has dimppeared, ao that a spot can be Identified as the cumponant of a pre¬ 
existing group, by Ita pndHnn among the floccull lying above it, 

although it. may not have been otaurved before. As the remaining spot dind- 
nlahea ao do the DoccuU, 90 that they finally lie symmetrically with re s pe c t 


to the spot below. 

We have already shown that various distinct layers can. be distinguished 
with the spe c troscope In the aofar atmosphere. The lowest la that of the whiffing 
vortlcaa which produce magnetic fields. Above, in the photosphere, are the 
■pots which can be seen and photographed directly. Between the lowest layer 
and the hydrogen layer la the region which can be photographed with any 
of the other intense Unoa of the sp ec trum . Thou parts of Unas H and K, 
indicated by B % and J7 a , which are relatively bright when near to annspot 
group, represent the higher'levels of this region. Above this is the layer 
which can be eaaOy photographed with the hydro g en line Hai the cmtrel 
parts of calcium H and K lines, H § and 2T a , re presen t a level yet a little 
higher. 

At those high levels, we can observe, especially with the spectro h e H oacopo, 
moan of luminous hydrogen erupted by the spots, and above the spots, dark 
douda of cooler hydrogen which get drawn Into the vort ex , often with spiral 
motion around tho spots, thoa giving dre to hydrogen whirls. At the beginning 
of the life of a group, ospecUDy when many spots are present, there whirls may 
be co nf used, but as tho gro up s reach their last stage they are more pronounced 
and quite symmetrical. It Is very probable that they are produced by farces 
af a hyd ro dy na mic nature as the remit of indraught, and that they are not 
directly cofmoeted with the magnetic field of the group, or with the underlying 
vortices which produce the Add. « 

The ■ influence af the spots and of the eruption which sun wind them, 
may often be traced in the corona far from the sun's visible surface; in fact long 
tv»vi«T atreamera directly wn ii ng M with spots, or ^ mniiwTMw on the Hmb, 
have often been obsoved during ecHpeea, A large prominence and its effect an 
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obaervod that the visible phenomena in the prominences and In the corona 
refer to a field di a relatively high elevation In the eolar atmosphere which may 
difier greatly in intensity from, and may also be opposite hi rign, to that at the 
level of the revelling layer. 

In a field of relatively email intensity only a. broadening of the spectral 
Hues was expected andnot their separation, hence the necessity fm considerable 
(Hapenrfve power such as that given. by the spectrograph of the' Mount Wilson 
150-foot aedar tower used ler the investigation; the linear scale was 1 A — 5 nun 
in the third order of the spectrum. To investigate the small shift of the tinea, 
measurable botwoan the two strips of the quarter-wave plate of the order 0,001 A 
or G.OOS mm an the plate, recourse was made to the plane parallel plate used 
for the determination of the polarity of the spots (cf. p. 489). 

It was are umed that the sun's magnetic field Is rimflar to that of a magne¬ 
tised sphere whose magnetic poles correspond to .the poke of rotation, or In 
other words, similar to the earth's T*i»gn*Hn fluid. 

The first measures showed a maximum displacement of the tinea in latitude 
45 " north and aouth, and apposite signs, and were a partial c onfirm ation of the 
hypothesis. On the aupp o riU on that the distribution 
of magnetic force an the eolar surface is dmflar to 
that on the earth. Its Intensity at magnetic latitude 
9 / is given by 1 : 

H-H.T/i + J«kiV. 

where S, is the equatorial strength of the field. 

Taking a as the se paration of the outer components 
of a Zkkmax triplet from the centra, one, and v the 
angle be twe en the tine of sight and the tinea of force, 

Sasun deduces the relative shift A in adjacent stripe 
from the formulae which give the dis trib u tion of in¬ 
tensity of triplets: . _ ... 

A — 2 a cney (4) 

1 _ H*. 138. Dstanstnatios of 



where 0 I 1 a constant depurating upou the unit adopted. 

To determine the angle y we will ref® to flg, 428, remarking that observation 
are always made with tho alitou the central meridian. PE is the central meridian, 
P'S* the magnetic meridian, CEE* the plane of the abler equator, 5 the intar- 
reotkm of the tine of light with the sphere, and F the intereection with the 
sphere of the tang ent t o the tine of force, at 0, the observed paint From the 
spherical triangle SEF wo have: 


coey oooD cosy + rinDalny coast. 

D being the hologra phic latitude of the run's centre. It la required to find an 
expraakm far cosy Vi + J sin 1 ^ as a function of D, p, 1 , and 4, where f ia 
tiie hetiogruphlc latitude of 0, X the longitude of the magnetic pole referred 
to the central meridian and measured in the direction of the tun's rotation, 
4 the indination of the magnetic axil to the aofate axis of rotation. From 
the spherical triangles EOF and OPP 1 , and remembering the relation be tw e en 
the inctinatinn d* at the tinea of force on the son's anrfaca at 0 and the mag- 

1 Rmxwwa, Tbo Dh plaoa oMBt Carr* of th* Sin's General Magnetic Held. IB WObb 
C ootr Mo. y% (1SM3) « Ap J 38. p. 99 (19130* 
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netlc latitude of 0, an the hypothesis of the similarity of the nn'i magnetic 
field to that of tho earth, wo hare: 

hmen tMH& — 2 tan^ 

M ■* ft rin(2p — D) + sln-D) coal + {3 cos(27 — £) + coa£}idnfaM2 (3) 

which la the equation required. A la a new conatant which donenda a pan the unit 
adopted and the intensity of the equatorial Tnng rm t lc 

Since the cnwffldwita cob 4 and aln i cob X In tho above equation can Iw 
aabatitnted by expraariona of the form • con N and Mfdntf we find that for 
any value* of D, 4 and 1, the displacements always dafloo a sine carve, and more¬ 
over aa tiie latitude JD of the sun'a centra la small and docs not exceed 7 ** and 
aa oheervatkma show tint 4 is ato amall, the dbplacomont curve may lie ap¬ 
proximately represented by; j ^ 2 ^ 

The cx dfa a tr a ere sera near the equator and the polo, their algna are append ta 
in the two hemispheres, and the absolute vahiea sra a maximum when <p «* ± 45 °. 

Equ a tion ( 3 ) contains three unknown quantities h, 4, and X. Tn obtain 
than, the values of the displacements In latitude north or aouth numerically 
equal tie considered, and if they are observed an tho — mn ar nearly the 
same date, D h not senribly affected. Calling than displacements A t and 4a* 

we have. k(A t — 4J •- 6dn2p(coaDcosf + rinDalnfcual) [4) 

and as the term In bracketa of tiie right member dtffen from unity by a quantity 
of the second onkx in D and 4, wo may write: 

k -7~i- (« 

The denomina t o r la a maximum when p la 45* and tha equation la therefore 
boat suited to that latitude. Pottii* ( 3 ) in the farm: 

kA — A coal + B sinrf coal 
we obtain the ap pr oxim ation: 

rin<co ,l-±- A ~ A . ((9 

If the vtiuea of tin 4 cob X, obtained from a long aorlos of obeorvationa during 

one or more ravolntianB of tiie inn, am plotted with time aa tho nhnrl— 11 . tho 
tmpHfado of the curve described is ain<. Tho intersection of the curve with 
the arli huh rate s tiie epoch when the longitude of tho sun'a magnetic poki, 

refarad to the central meridian, ia 90 * or 270’. Equations ( 5 ) and (6) dotormlno *, 4 

®nd 1. To obtain the lntenrity of the aolar magnetic llriHj iL nvmiUM qq ^ 
from ( 1 ) and ( 2 ) that if A la wtjtiwhI inAwomflic'a unite, 0 la expand 
In the •ameunlt and refnomta the separation of an n component from tho p com¬ 
ponent jxodnead by a field of one gum If ahae boon determined In the laboratory 
we can find the Inten si ty of the aolar field, when 4 and 2 have betm found, by 
mean of ( 3 ) whoe the value of A In Aramaic's units la aufaetitutod for h, «■ 
we m ay m b a formula rimflar to ( 4 ) by anbatitating the polar strength of the 

field gf*” by: H,-a B. 

end hence. /(, - A, — Jcfl,dnjy (cneDcoe< + afaDdnicoa*). ( 7 ) 

A« a flnt ^rndmatiai m may pat t-o, CO.D - i and applying (7) far 
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where Is tho mam displacement measured in Intifada 45*. Kstenfling the 
theory SxAaxa 1 took into consideration also the general cue of greeter complexity 
then triplets, ea well u tho effect on the displacement curve, which ie generally 
negligible, of elliptical polarisation doe to reflection an the tilvured mirrors of 
«tor tow er s. 

Ryhi ff d wn observations have bs*wi undertaken et Haunt Wilson by tTai.x 
end hie collaborators’to dotannlne the elements af the irm'e garni magnetic 


Fig, 139 . Hau carve of rtkphmerit produced by the aen'a nml nwgnaUo flees 
(iladau: laUtwHi; grlliatw: 1 dtv. — {yxH m®), (MtWtai). 

field end the probable variations of Ita intensity at different levels af the solar 
atmosphere 1 . 

The first ■erica of observations was carried out between 1912 ■nd 1914. 
Fig. 129 shows the curve resulting from the combined observations of three 
lines at equal latitudes north and south, using the formulae given above. The 
curve is in agre em ent with the theoretical curve, the maxima are at 45 " latitude 
and the minima at the equator . 
and at the polos. The ex¬ 
istence ol a magnetic Hold hav¬ 
ing boon thus established, 
according to the hypothesis, 
other Htw of intmuaties bo- ® 
tweon 0 and 5 on Rowland's 
scale, whom components show 
omaidarable reparation in tho 
laboratory, or in sunspots, were 
selected tor further inveetig- ijq, botwv Doid cbrogtfc ud tool 

atioD, Of tbe 46 Hnoa seloctod, in the mn’m otanoepberv. Tbs ulnvitlnM (o nfln a tre ) 
50 of Fe, Cr, Ni, V, and Ti, •« ta km, the Md*. «trregth (ifenlmi) in ■ 

■bowed shifts consistent with 

a magnetic Add; the intensity of the field was then determined for every line which 
tiuwed a relatiootirip between tho intmnity of the field and tbe intensity of the 
fine. We have shown that the intensity of a line is probably a function of its 
lavd in the a Un oa p hare, and if the intensity of the magnetic field is also 
related to Its level, it should bo ponrihla to determine the decrease in intensity of 
the field with hunting elevation. TIm diagram Inflg. 150 based upon an exhaustive 
(fmdwi by SEAxn of the availahle data, taking the elevation of the varioua 
Unre derived from the flash spectrum, shows that tbe intensity of the field varies 




■ m«l angth ud tool 
Tbm d ev i ces janHnati) 


CoItrNo, 148 (191BJ « Ap J 47, p. 306 (I9*ti- 
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with Its 1 wight in the acisr' atmosphere. H» onttnatm an tbo heights In kilo- 
niotzce, and the abadana the interttiaa in ganaam With tho exception of odd 
of tho titanium Ifatea ^ of vanadium, aU the pdntp Uo noaxiy oo tho corvo 
which gives H 9 — 55 gausses at a level of 250 km and ff. - 10 gamma at a 
levd of 420 km. It would appear that only tho linea in a layer of small depth 
are eenalhly affected by the magnetic field end an tlieroforo maaamblo by 

this method. ' 

The coordlnatea of the magnetic poles wan alao determined by tho dlaiyinme- 
tiy of itigJnwmwnt curvo drawn for different epodu{ as tho dteiymroutry Is 
gw n it canbelriferrod that the msgnotic polea cannot ho far from tho pnlus 
of rotation. In 1944 van Maamut 1 meainred throe lines* which ho seloctod fir 
their intensity and drifts, between 50* ntrth and aooth latitude* on Ellhmah’h 
jjataa, with the following resolti: 

i-6*^±0*,4, 
ti - 1914 Jnno 25 d ,38 ± 0*,42. 

A —riw of noasarements an the platea in September 1914 confirm 

theae results within the lhnits of the mean error. Other measoromonta in different 
regkns of the Bpectrnm have bem curled ont in ncoeoding years with tho 
object of obtaining a mae accnrate determination of tho poiod of tho magnotlc 
patera and also to atody the pomlble variations of tho constants of 

the magnetic field and their relation to the Pham* of* solar activity. Preliminary 
meawres 1 ibow that the general magnetic field has not changed sign idnco the 
measures were begun, notwithstanding that in the interval tbo magnotlc polarity 
of the spo ts has rfiimgwfl rign twice. 

81. Vviflmtion and C ff ni Hi”*""— of the Ionisation Theory. Influence 
of Radiation Pressure on the Equilibrium of the Solar Atmosphere. Saha 1 
derlvea the following formula from Ua theory for tho fractional number 

s (f iwnltl atoms in a given gas at ap absolute tamparaturo T and a total 

P ”“ UIBP ' kg r ^ ;l P--^ + a i 51agr-6,69. (0 

j ii the ladsatlon potential of tie gas in volts, and tho total proasuru la oqual 
to the partial ^sein es of the ioos, alo clron a and neutral atoms In a state of 
oqnQlbnum, eo that P ™ 

The ♦<"" percentages of caldum, whom ImHiHrm potential la 6,1 voRs, 
are found in tlw table XI; the p ce mur e is eap remod in atmoaphorce, and tbo 
tempntuna in abanbita iVgrana 

It la evUent from Saha's equation that the lmriiatimi percentage Jnaoaaea 
with: (s) an ingeaae in t mnperal gre, ( 6 ) a decrease in promare, and ( 0 ) adoemoao 
In the lanhatkm potential. 

Calcium haa a rather low 1 nr ha Him potential, and It la thanforo of lntsroat 
to compare the table XI with the table XU far aftimin hydrogen, which 
h«u an i«rf«nrinn p n hmriai of 43,5 volte. At the temp e r aturu a given the dla- 
aodation Hg -► 2 H Is c omp lete ao that the molecule need not be conridorod. 


c omp lete ao that the molecule need not be enrrirtorod. 


* Fatal ASF 3 +, p. 32 (192*. 

» *—«■* Bflport Moimt WlWi for Tear 1925, p. 99. 

1 Ct.ehaptMaofiPAm rmnw ^PlB Tail M Un ptadenAt moqih i r aaderHliimolihflqMr, 
VoL IH; aad Hum, Ttaanno dyuam la of tea Shin, Vd. I of tide "Haadlmh”. 
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In ardor to produce the Mine percentage of torrkatkm In hydrogen, higher 
temperatmee ere required bmtmnn of the higher kmkation potential of hy dr ogen. 

Caeatnm which has 
the lowest known loni- 

—Hn« pqhmtial ehrmlri. be 

completely tanked at about 
4000* with a p r ueu r e of 
40 ~* atmosphere^ a tem- 
peratnre of about 20000 * 
and the same p rore ur eU re¬ 
quired to ionhoB hod am com¬ 
pletely, its potential qT kml- 
aatkmis thahJghcst known 1 . 

Those and other deduc¬ 
tions from Saha’s theory 
may be appliod to the 
interpretation of the solar spectrum. We have seen (p. 182) that there most 
be relatively low premre in the rovtning layer and in the chromosphere, and 
it la evident that at tho temperatures in those layer*, between 6000* and 7000°, 
tho normal as well as the ionised atoms, soch as calcium, nmst be found in large 
quantities in order to account for 1 4227 and tines B and K. Moreover at 
Increasing heights above the reversing layer ptmn diminishes, but assuming 
a radiative equilibrium the temperature cannot fall below 5000°". The table 
above show* that in theao condlthms innkatinn must be practically complete, 
ao that only the enhanced lb« nlvmM be emitted by the high level chromo¬ 
sphere. It is known that Unea H and K extend up to 14000 km ab ove the 
chromosphere and that 24327 only u far -as 5000 km, therefore, 

inapwinh ai we find galrittm at tho highest elevations, the dkctmtinuance of 
of 2 4 a 27 at a relatively low elevation may be doe to the c om plete 
ionisation of enlHnm f os predicted by the theory. The ionisation potentials of 
strandnm and barium, 5.7 and 5.4 volts respectively, requin greater iraurm 
at a given temperature; in fact the normal tinea of these elements are the first 

i CL Htmwj., Duaur md tanriar, Astronomy IL App. p. V (193ft. 

■ Muo, Ofaa 44, p. 365 (1931). 


Table XXL Ionisation Poroantaga of Hydrogen. 
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to disappear In the flash spectrum. From rimflar observations it may perhaps bo 
poadble definitely to-estimate the distribution of piww In the chromosphere 1 . 

Other facts relating to other fl uywi i f may be tlmWwH from the Ionisation 
theory In the same way 1 . Thus at p na iur e a below 10' 1 atmospheres, sodium 
(I. p. ™ 5 ( 1 volts) la completely Ionised; in the c h romo ip hcru, the D lines 
(normal lines of the principal series) only extend to 1200 km. Below to -1 atmo¬ 
spheres potamhun (L p. — 4,5 volts) should be completely ionised at 7000*. and 
below 10“* atmospheres at 5000°, hence both in the chromosphere and in tho 
revmslnglayer therenrait be few noo-fanlsed atoms; bat os the enhanced potaadum 
lines do not He in tho visible regions, it Is almost Impossible to son potassium 
spectroecopUally even If it be p rae unt In large quantities. Tho aamo may bo 
said far rubidlnm and caesium whose Ionisation potentials arc lower still. Thu 
ionisation potential of magnesium is higher than that of tho nthor alkaline oarths, 
end hence the lines af the normal atom should be soon at relatively high elevation* 
in the chromosphere; Mitchell found the triplet 1 3838 , 2 3832 , X 3826 up to 
a height of 7000 km, where an spjxedablo number of lonlsod atoms should be 
found; but the well known Hne 14481 only attains a low elevation and at first 
sight this appears to be anomalous. Fowler has however proved that this Hne 
bdoogs to the fundamental nriea, and although it is not difficult to produce 
in the bdxntoy, it must be more difficult to excite than tho enhanced linos of 
the earlier series which are found beyond the observable region. 

The method shows that molecular hydrogen in tho son must be dissoci¬ 
ated into atoms, yet, by reason af the high ionisation potential of its atom, 
ionjntinn con nowhere be complete. Far the reasons already given, hcllnm is 
inappreciably ionised In the solar atmosphere and only loaves traces of enhanced 
Hum. The shwnvyi erf the normal linos in the Frauhhoier spectrum, and their 
laTwmce in the flash s p e ctrum , cannot be Inferred from tho considerations offend 
so far, but Saha shows that the Hnes which are usually rogardod aa helium linos 
are not those of the true principal series (these must 11 a m the extreme ultra¬ 
violet) and therefore they are not absorbed unless a sufficient numbers of tho 
atoms panes orbits that can only exist under in tamo excitation. 

Saha's theory has been extended by Russell 1 to mixtures of two nr more 
dements; pitting and ^ the fractions of the stoma footed of two demonts, 

the partial p rere u re af the electrons equal to ^|, where * is tho fraction of 

all the atoms present which are iorfaed, and may be ngnrdod aa a weighted 
mean of the valoee of x far the individual elements, P tho total p roranro, wo got: 

P* i* _ 

Ti - 4 ) ( 1+3 11 (C- *) (1 -h m5 "“ 

whne Ki and K t are obtained from ( 1 ) shave with the fanfanHtwi potentials 
proper to the elements concmed. We have therefore: 


T^-SlT^v - 5050^ 

°f» fa oth* wards, the-ratios of the number of fani«d to that uf nan-fonlscd 
atoms in any two dements in a ga se ous mixture bear a fixed p r n nf iLvn between 
toeitwodenicntrwfafchli sdldy dependent on the temperature, and is Independent 
of perns, the relative quantity of the two elements, w the rnssneo of other 
Th e latte o o nmtion e affe c t the amount of Imdsation out do not 


H. H. Fovlb and B. A. Mn-w , 

Apj 59. p.197 (19*4). 

' Sama. HmMif 40. p.473 and 109 (1(00). 

• MiWJhooContr No. 235 (1922) or ApJ J5. p. lip (1923). 


MS 13, p.403 (1925); Roasau. and Bixwaxt, 
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this proportion. The clamant which haa a lower potential of imitation la always 
the more highly l oniad . 

Russell nfen investigated the Ionisation of elements bey ond the tint order, 
and found that only two soeceatiye stats of Ionisation can exist contamparane- 
otuly in conriderahio tappq r ti ona . 

An nxaminatino of Una produced in the sunspot spectrum, by the nHr«Hw 
or by alkaUne earths, favours the ionisation tbaxy became tho relative intensity 
of tho Hnea asodated with Ionised or nan-ionised atoms in the sp e ctrum of the 
hotter photosphere, end ha the coaler spots, as deduced from the theory, agrees 
with the observations. 

The Hw of tho alhslfan metals which are all duo to neutral atoms arc greatly 
strengthened in the spot nectmm. Na (1. p. »i,l volts) shows its principal 
and subordinate aria; K (L p. — 4,3 volts) only the principal series; Li fl, p. 
— $A volts) and Rb (L p. — 4£ volta) the leading pair of the prindpal aeries 
only in the sunspot ■ p e^ t rnm. Of the alhallna earths, ft" Hmm of thie neutral 
atom of Ca fl. p, — 6,1 volts) are strengthened in the spots, to a greater degree 
in the prinopal-series, and to a leaser degree in the combination series. The 
corraapbndtng Una of Sr 0. p. •— 5,7 volts) are weak in the photosphere end 
greatly strengthened in the apoti; the Ba Una (L p. — 5,i volts! ere absent 
both in the photosphere and in spots, while the wnbnnewd Una from the Ifd—d 
atoms (Ca+, Sr+, B*+) are intense in both spectra. In the esse of Mg(l.p. 
-m 7,6 volts) the Una of the neutral atom are hardly affected except tho fnnda- 
mental Une i S— 2which is more intense,wldle in the caa of Zn (L p. ■■ 9A volts), 
the arc Una are much weaker in the spot spectrum. Excepting Li and Ba 
these results agree with the Ionisation theory 1 . 

The behaviour of the Una af the elementi given below, in the spectrum of 
the photospbae and of nm s poia , co m p e red with the furnace, the are, and the 
spark spectra, makes it poofble to arrange them in the order of their increasing 
atomic numbers, as follows: 

Ca, Sc, Tl, V, Cr, Kn, Fe, Co. Ni, Cu and Zn. 

which is the ome as the order of the increasing difficulty of their spectrosc op ic 
excitation; their potential of Ionisation is, aa far as 1 > known, also in as c ending 
sequence, that ia from 6 volts for Ca to 9,4 volts for Zn 1 * . TUa, combined with 
other results, suggests that generally the potential of innintion la a periodic 
function of the atomic number. 

Saha's equation aho suggests that In tho spectrum of the faculae, on account 
of higher tempnpture, the lanisatian p nrp Hu fQg n should inw oi* and therefore 
the enhmimd Una should appear strengthened! Spectrog ra ms by St. Johu* of 
the faculan show variations in the intandty of the enhanced Una in agreement 
with this deduction; tho a p e ntrum changes from the GO type to the F type, 
that is towards higher temper ature. 

As the result of those verifications, and. as the outcome of the thorny of 
ionisation and of what has been said above, we may conce i ve the three layer* of 
the solar atmosphere — the chromosphere, reversing layer and photosphere—to 
be distributed around the sun’s globe aa fallows 4 : 

The chromosphere, the highest layer, consists of a deep stratum in which 
the gaaos are supported by radiation p na raur o acting on the individual atoms 

1 lffc TOtaoa Contr No. 236 (1932) or ApT 35 , p. 354 (1932). 

* MfcTObonCantr No. 386 ( 1933 ) or Ap J 61, p.,223 (1933). 

* Pop Astr. 3a v.32fl (1933}. 

4 ThwniJ. and StSWabt, Ap J 59. P* 308 (19H)> 
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Hao prcreure and density inasaae slowly towards the bottom of tho layer, 
where gravity begins to overcome radiation premie; the p res wiu i at tho bottom 
may be of the order i0~ T atmospheres. Below this layer, gravity begins to ureert 
Itsatf, and pressuio inoeaaea rapidly with lnoassliig depth, while tho temperature 
la nearly constant and not tar tram 5000° so long as the gases are transparent 
This region is known as the reversing layer. Tho dividing lino between tho 
reveralng layer and the chromosphere is theretdr^at the level whore Ionisation 
of the first degree la practically complete, that Is at tho tipper level of neutral 
caldtxm. This practically axrespands to tho level where tho motion of the 
ascending gases round the spots changes from outflow to Inflow (p. 475), And 
implies a definite physical condition in the chromosphere, namely tho complete 
ImdsaHnn, of metallic vapours 

When the poreum attains 40" 1 atmospheres, general absorption begins to 
make the gas nebulous, the opacity increases with pramro, ana tho reversing 
layer mages reths rapidly into the photosphere; the lotto: presents an opsquo 
mass to our moans of obswation. As opadty Increases the tnrapentura rises 
in accordance with the theory trf radiative equilibrium, as developed by SCHWABZ- 
■ceild and Eddimgtoii. Tho observed effe c tiv e t emp e ratur e in tho photo¬ 
sphere is a mean value In those layer* which emit radiations to tho earth. 

An i m p or tant outcome of the Ionisation theory Is that tho son must be 
surrounded by an atmosphere of free electrons, because the concentration of 
the positive particles compared with that of the electrons, in the higher layers, 
dhnlnirfws gradually on account of the greets weight of the particles; tho elec¬ 
trons therefore preaKnninatD. It is probable, as proved by tho p rw uu co of the 
corona, that the atmosphere of free electrons extends widely around tho son's 
globe and that Its variations, or the direct wniminn of electrons, may influence 
LaresUlsl phenomena, such ss terrestrial magnetism and tho electrical phenomena 
in the higher atmpbve. This Is one of the problems which Is now being actively 
studied and* the unplces of international cooperation (cf. p. 210). 

In an important series of monographs 1 , Urura has investigated the con¬ 
ditio ne of eqnmbrium In the layer of Ionised calcium: this layer constitutes the 
highest part of the chromosphere, and se ems to he entirely s np p ieturi by radiation 
premure. If atoms of zna is capable of two, end only two, stationary state! 
of statistical weights and f K an supporte d against gravity f, by tho radiation 
pressure arising from the formation of an absorption line of frequency r, it h 
shown that the residual intensity F, in tho lino is given by: 

F — fi B^tai 
9 H • 

apjroadmately, where * Is the mean life in the excited state, and o is tho velocity 
<x light. In these conditions of Intensity the atoms are ther ef ore in cqnillbritUE 
ss between gravity and radiation parents. TtmNmH if F r > 8 t* t Wf/s.tho atom 
fa rm ed in the higher regions of the reversing layer, which absorb the radiation i 
selectively, will be re pel le d by radiation prereme. The pro core wilL bo continuer 
nntfl we have an atmosphere completely supported by radiation pc fura . It b 
easy to see that in the end a state of equilibrium win be attained, fa**«n f* tht 
atoms ex p el l ed subeeqnently act as a screen, and reduce the intensity which 


1 An AstraphydGnl D rew aluaii an ol tiw Avarua Lib of an Bad tad CaUam Atm 
UN 14, p. 354 (1924); Ha Kquflfljdma of Ua Chnoonlan, Fbat Pus 

Mi ** «■ P- 8 (1905); Third Paper. MN B6. p. 57f 

(1936). Cl sin uwtaj), tjlar dh Stroktnr dar tfrnnboteaofaen dk DyeuiO 

_ Z fFfaja 44, * 793 (1927) Uama, Fzmure far (Wa* 

Qmmusphm and Rovandag Lijar. KHH,p.tU (192B), 
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the atoms originally expelled wore subjected to, sod the fanner will be^subjected 
to the beck radiation from the atom flirt expelled. Thus the tendency to expel 
Atoms will go an decreasing and equilibrium will be ultimately Attained. The 
residual intensity of tbe imdutton v which emanates from the sun will be reduced 
to 8 ?“ t as gjc, and aa there is no tendency to an increased expulsion of atoms 
from the reversing layer, it follows that tbe xeriduil intensity wfil not be lowered 
In general below that value. 

Shnniri n larger n umber of atoms happen to be expelled, by reason of local 
and acciden tal variations, the a tmosphere, which is entirely su ppor te d by 
radiation pre s su re, will collapse an to the reversing layer, and we should have, 
at least temparurilv, an ainnsphore which Is partially supported by radiation 
jxoreure. Its equilibrium will be of exponential type, and therefore so condensed 
towards tbe bottom as to make it impcwdhlo to distinguish it either theoretically 
or by obswaticn from the reversing layer. Because ctf the additional jjusmih 
of the atmosphere an the r eversing layer, the precipitated atoms tend to be 
reabsorbed by tbe reversing layer; the normal gradient of the revetting layer 
will tend to ro-estshUsh itnif, and the whole p roce s s Is rene wed and repeated. 

On the other hand if p r < 8i*x mgh, there will be no tendency to expel 
airtma from the revetting layer, and tbe chromosphere can have no existence. 

The ftonangnmum of Mnjnt's theory Is the possibility, from time to time, 
of a ennopq* of the chromosphere upon the ravening layer and its subsequent 
reconstitution. TUs is In agreement with obsavatians (p, 439 ) an the systematic 
height at the chnxmaphere, carried out during eclipses, and also with the line Ha . 
S. A. MrrGHXLL 1 , tor example, finds that the gases at mean levels show con¬ 
siderable differ ences in the lengths of the ablar arches as measured during the 
eclipses In 1905 and 4925 . Converting these lengths into height above the p£oto< 
sphere, he finds that the heights niched In 4925. a period when the sun was 


very active, were much greater than in 4905 

The rapid changes In the shape, position and velocity of the prominences 
may be regarded aa due to the same jiienomenon, but Intensified In energy and 
development, and originating in sudden increases or decreases in the carrespandhig 
radiation r. The problem Is thtxetore Identical with that of the expulsion of 
atoms from the solar atmosphoro under the Influence of radiation pressure, which 
haa already been when dlan inlrg the motion and the changes ob¬ 

served In the promtnancea (p. 453)* 

According to lCnjnt 1 tho procoas Is as follows: when an atom la expelled 
by radiation pressure, the presrore the farce af gravity, and tbe atom is 

accelerated while moving away from tho solar surface. On the Dofflxr principle, 
the increasing velocity outwards la such that the atom absorbs radiat io n s In 
a wave length which gets gradually shorter In a fixed raftrence frame relative 
to the sun. The region of tho sp ec train In which the atom absorbs is shifted 
to wards the violet. If the atotn la qi ^mpaniqd by a sufficiently large swarm 
of atoms, the absor p tion line they produce will move off towards the violet. 
But if the atom is alone, or arw u n p oniod by a relatively small number of atoms, 
the resulting absorption is not sufficient to produce an appr e c i a ble absorption 
Him- The atom, or a tome, are then shifted in the violet wing of the absorption 
Hrm from which they started, and may also chxnb out of the ahetxptian Hue 
Into tbe adjacent continu ous spectrum. To a lesser degree In the wing, end to 
a much greater degree in the continuous spectrum, the stums are exposed to 
a much more violent radiation than that to which they were subjected in tbe 


1 Ota 48. p. 109 (1925). • ■ HN 86, p. 459 (192$. 
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absorption Una which they left. They are therefore subjected to an Increasing 
acceleration outwards during their shift across the wing of the absorption Hnc, 
until, on arrival in the continuous spectrum* they p ossess an acceleration much 
greater than what they had at the beginning. 

This will continue, as a rule, until the inverse square law eventually reduces 
the acceleration to sere as the atoms move away into space, and so escape from 
the sun's gravitational field with a definite and vsy high velocity limit. An 
approximate value of this limiting velocity, when the (Hatnnrc of tlw atom from 
the sun'e centre approaches infinity, is obtained from 

^ - ?E] ■ ' (2) 

whse J # la the reridnal intensity in the centre of the absorption hnc, and 
that in the portion adjacent to the oantinnoua spectrum, 7 the velocity measured 
by the Dontn effect cor re s pondin g to the semi-width of the line, and V m 
the velocity of escape from the sun of the atom subject only to the action of 
gravity, that is: i 

f 

where a repremts the radius, and g the value of gravity on the sun. For atoms 
on the sun we have — 615 km/rec, and fs the particular cam of tho Ca+ 

atom! the ratio of intensity usually adopted far the line K Is y* — ■£-, Tho oamet 

value of its width is very uncertain; far the edges we may allow 61 — BA 
about; this gives 7 — 611 km/sec, a value, as it happens, practically tho same 
as that of 7.. Inserting these values in (2) above, we got: 

<-r*m 

v«, — IdJOkra/sec, 

This velocity co rresponds to a Doppler drift of about 22 A. A remit of tlw 
seme orris Is obtained from the majerity of Fraunhofer's lines. In foot, as 
the greats part of the lines are considerably narrower than K, 7 wOl bo smalls 
and tu co rrespondingly greats. THa rimply indicates tho physical fact that 
the narrows the Hoe, the swifts the climb out of it, and tho quicker 
It la exposed to the fuQ brunt of the radiation, An upps limit lor a givun 
intensity ratio IJI X is obtained by putting 7 — 0 end beoco: 

— i740km/aoc. 

B. The Sun's Electromagnetic Influence. Relation Iw t w wn i and 
Terrestrial Phenomena. Although tide ubjst is one which pstalns mare properly 
to than utrophyrtes, yet it may be dsdrahle to say a low words 

on the direct connection between solar and terrestrial pbenaroans, and to no 
which of the tens have a pobahla greats infinenco on tho earth's magnetic 
field and its climatic distribution. 

It Is well known that there ere well relations which connoct solar 

activit y and the earth's magnetism, in tint tlw variations of tho laths follow 
solar activity fttri Pgmmh. Although the dWnai tnd annual msgnotlc variations 
are ev idently c onn ected with the variable eolar radiation which rmchm tho rerth 
during the day or the year, we cannot arest off-hand that tho 11,5-yeer magnetic 
variations are also dnrilady connected. We know that the upps laws of the 
torstrial atmosphere ere highly ionised by the eun, butwedonotknowjredaaly 
™ch cnnq s siwi l of the air is ioriad, s what the ionlrine agent is. Wo olio 
know that the sun's ultraviolet radiation is principally absorbed by osone, 
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and If the ultra-violet radiation la tho canao erf Ionisation, aa quantitative 
experiments show this to bo possible 1 , iorrlntion must bo produced by the ab¬ 
sorption of ozone, and oxooe moat be the looked constituant While tms p ro ce m 
may account for magnetic variation, H i n mal or annual, a largo increase In the 
ultm-vinlet radiation at sunspot maximum is not jrobeble. • We should, in this 
case, have to regard the son's wpiaimli- radiation as the source of ionisation, 
but at the present time we have no definite proof of its existence. 

A study at the irregular magnetic disturbances Indicates that, besides 
Ionisation In particular regions, especially In high latitudes, the air becomes 
mare conductive from time to time. The increase in conductivity is manifest 
in the fihurdnated hemisphere as well os in the dart one, and wbon tho 
increase is very marked it k iwnrintwrl with polar aurorae. Tbrir jedtiou 
and connection with tho disturbances on the earth's surface show that their 
crlgln most lie in electrically charged corpuscular radiation emanating from the 
sun. This radiation is towards the polar regions by tho terrestrial 

magnetic Add. 

The lower limit of the height of tho aurdre, about 90 km, thenrfoe rejnsonta 
the limit to which the aolar ccrpuaclea penetrate; their nature and sign of charge 
Is unknown at peasant. We may amine that they are high-velocity electron 
(or p rays), or more probably the stream of oppositely charged ions 

In nearly equal numbas. We have ahown how the mechankm of nn i bul o n of 
inch a atreem of inns may ho repnaaoted, consistent with the constitution and 
equilibrium of the atnuajdiare. In the disturbed regions cquiHbrtnm is 
destroyed, and swarin a of Ians are expelled by radiation presort and attain 
a velocity sufficient to carry them beyond the limits of the sun's activity. We 
have also seen bow, according to Mims's theory (p. 209), it is possible, from time 
to time, for tho atoms at high elevations to be p ro je c ted out of the eolar atmo¬ 
sphere by radiation premme and how they attain a velocity limit of 1600 km/sec, 
enabling thorn to penetrate the terrestrial atmosphere. Among thcao atoms may 
be found tboao of Ca+, H, He, T1+, Sr+, Mg, with othora in a condition to be 
suppuited in tho ch ro mosphere by radiation presore. 

If it were pondhle to know the exact source and the Instant of nmlnrinn 
of the corpuscles which are likely to reach the earth's atmosphere, we should 
naturally havo some better idea of tho trend of the phenomenon, or, at least, 
he able to find tho Hmn of transmission. It has often bean noticed that violent 
magnotic storms taka place when large spots are visible an the sun's mifaco 
and tho connection betwe en tho two phenomena baa been widely dlsmaari 
^>n«iniiy by Eure, SroonAvia, Maunder and Coimx. 

Taking the ofaaorvatiens recorded at Greenwich between 4875 and 4903, 
Maunder* Identified 4 9 great magnotic storms aa bring related to thopcsenco 
of sunspots. These 49 storms occurr e d at about the tin* when-large spots, that 
is groups of spots with an area of at least one thousandth of the sun's dkc, rrr—iri 
tile central meridian. Botwuon September 4896 and Octobv 4903 no largo sun¬ 
spots appeared and no great magnetic s torm s ware recoded, hut in October 4903, 
after an interval of 5 yean, a large group of spots appeared and was accompanied 
by a magnetic sto r m of canridarehle intmity. The 7 moat intense stains noted 
by Maundkh, during the shove period of 29 yean, took place when 

7 of the largest gro up s of spots ware aeon ou the sun. 

1 C uAnUM, *4— In Dm Upper Atmophen. QearL Joern. B. Uetnr. See. Ja, 

p. 225 <19349. 

* mN (Hi p.SD5 (1904) aad 65i p. a (1904)- Cf. aim Gntrea sod Narrow, Large 
Henna and Largo B wqiiO . UN 68. p. SSd (1900). 
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We cannot avert the Intentity of a group provides a criterion for the 
Intensity of a magnetic storm; thus,- for example, a large group of spots paved 
Hwi Ban's central on the 12® October 190); the diameter of the group 

was about 18 Hmw the Imres trial diameter, or about 2)0000 km, the m a gn e ti c 
steam avodatad with the group caused the needle to narillsto fnan )0 f to (So*. 
On the )1* October in the year, another group of spots crossed the sun's 
central meridian, and al th ou gh its diameter was only about one third of the 
previous group, the magnetic storm was the most violent rec ord e d at Groonwich 
in the above period. 

Assuming that great magnetic storms take placo contemporaneously with 
the p r e sen c e of large sunspots, Mauvdxr'b inves ti g ation s show that they begin 
from )4.hours hwfww to 86 hours after the spots pev the central meridian or, 
expressed In KwllngrapMc longitude, 20 s and 48* respectively from the central 
meridian; on the average they begin 26 hoots after paving the central meridian. 
It a p p*"" 1 that there is a definite an the disc which seems to favour the 
ph e n omenon ; in some caaca disturbances begin with the appearance of the spot 
on the sun's «***• Hmb, and list till it disappears an the western limb, In those cases 
especially violent disturbances were noted after the spots hod pnvod the central 
meridian. 

If the magnetic disturbances an the earth are due to swarms of corpuscles 
projected from defini te regions an ro unding the spots, it is evident that they 
cannot roach the earth fW mm regions are suitably situated with respect 
to the earth, that la making wnitahU angles with the fine Joining the centres of 
the sun and the earth; the sngls can he deduced from Mauxdjch's results 1 . 
These angles should randy exceed )4*, measured in the direction of the sun's 
longitude, 1 —n- the Interval of 120 hours, during which storms toko place, 
corre ap onda to an angle erf 68* in longitude. Taking the moon was tom position 
of the spot st the beghming af a sham, 26 hours west of tbo central meridian, 
this corresponds to the time the corpuscles take to reach tho earth from a 
povlhln maximum IncHnation, east or west of tho Une of sight, af )4*. It would 
appear at first sight that the s w arm s of corpuscles may bo emitted in any 
di re c tion in the form of a cone whom apex of about 68° is situated in tho spot, 
with one of the son's radii as axis, with a mean velocity of 1600 km/soc, which 
agrees exactly with Mujix's theoretical velocity. 

CoRrm's diacuvkm 1 an the comrcrton betwoan tho pramneu af sunspots 
and magnetic storms, taking into consideration tho holographic latitudinal tho 
spots, confirms the results deduced from the longitudes, boauwo, (ram tho paint of 
magnetic efficiency, the petition of a di s tu rbed arm. In tho sun becomes of greater 
consequence as the mean latitude of tho spots approaches tho equator after 
a maximum. Since the hriingrapMc latitude af the earth varies botwoan ± 7°, 
the earth la then more favourably tituatnd with reg a r d to aolar disturbances 
The fact that magnetic itarma are more frequent at the oqulzureea 1 harmoeixos 
with what has boon vid, became the earth than attains its maximum hoho- 
graphic latitude, and is therefore tamed towards the region of maximum sunspot 
frequency; in June and December, when the earth crosses the solar oqu&tor, 
the effect of solar disturbances is kv felt The phenomenon is therefore duo 
to the fncHnatian af the sun's axis to the plane of the earth'i orbit, and to 
the position of the earth with rvpec t to the s unspot sane. 

An. investigation into the relation bet we en the disturbed regions 

of the sun and the coronal streams* undertaken by Corns 4 , during various 


- UHBUU, un 37 , p. 139 I 19 DU, 
■ UN 73, p.» (19U). 


- ma 70, 15 {lylJJ. 

4 UV 73, p.539 (1913). 
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ochpoes, leads to tho condmlon that tolar inflnence on tovreatHal magnetism 
is propagated in the form at dive rgent ray* from fod determined by the solar 
disturbances 

Rxccd 1 cocakferod that the intensity at the tenet trial disturbance increases 
at tho not gradually approaches a pnritum favourable to influence the terrestrial 
magnetism, He c ompare d the time of ma^mum disturbances with the dmn 
of the nuapofs paanga acron the central meridian, that is the instant when 
tho spot is nearest to the Hnw joining the ce ntre s of the earth ■u d the son. Taking 
tho observations di s ow n ed by Mapxdxs, and other typical cases, inch as the 
great magnetic storm of tho 25* September 1909 wbkh was aasodatsd with a 
large spot 1 , he obtained a period of from 40 to 50 hours as the time required 
far the solar omanationa to influence tho earth's magnetism, corresp on ding to 
a velocity of 900 to 1000 km/wee. 

The fact that than is no p redso agreanmt between tho presence, size, and 
position of the spots and terrestrial magnetism leads to the belief already 
sug g e sted by.TsocHDn 1 and confirmed by Hale 4 , that their origin is to ho 
■ought in the eruptions visible with’ the spectrohellogrsph or with the sp ectre- 
helioscope in regions near to the spot*. Thi* belief hncomra more probable 
when we consider that the Intensity of the magnetic field decreases rapidly as 
the bright increases (cf. p. 203 ). The hypothecs is confirmed by the fact, broug h t 
to Ught by Mattvdkh 4 , that the disturbed areas may bo magnetically active oven 
aftar the spots have ceased to be virible to us, and thus, at times, magnetic distur¬ 
bances are repeated at intervals corresponding to the period of tho sun's rotation. 

It is naturally difficult to follow cither visually, or photographically, the 
complete evolution of any eruption and to certain of the precise instant 
of maximum development, which should correspond to the m a ili n ui n of magnetic 
disturbances, but In recent years, especially owing to the extended use of the 
■poctraheliograph, a lew typical cases have been observed in which these de¬ 
siderata hove bean very nearly attained. 

The visual observations of solar eruptions by Cakihxgtow and Hodgsoh 
on l 14 September 1859. sad thorn of Youxg on. and 5 U August 1872, tie 
domic, these eruption wore coincident with considerable terrestrial magnetic 
disturbances. Shortly aftar tho invention of the spoctroheliograph, on 15* July 
1892, Hale obtained photographs of an exceptional eruption which varied 
rapidly both in shape and intensity. The time interval between tho maximum 
activity of tbo prominence, end tho beginning and maximum intensity of the 
magnetic stor m an the earth was 21,3 25,3 boors respectively 1 . 

Another eruption wboao development wis fallowed with the ■pectrabdlagxapli 
was that of 10* September 1906 T . Two spots were seen lying in different hemi¬ 
spheres oocneotod by largo and extensive memos of hydrogen, wfah* gave evidence 
of infraction between the two spots; this, it la presumed, may metimea happen 
externally if tho vortices are connected now the snrface. Some of the photo¬ 
graphs taken at the Yerkas Observatory, Illustrating the prindpal phases of the 
phenomenon, ore reprod uc ed in figs. 131 , p. 214 and 13 % p. 215. The two spots 
named dose to tho centre of the (fisc on 9 * September; the southern spot, snail at 
first, had beg un to dasdqp rapidly rince the 13 * August, whan it and the northan 

1 Mum. Boo. Bpottr. ltd, 33, p. 38 (1904). 

4 Mom. 800. Spot*. ltd. 38, p. 157 (1900). 

■ Hem. Boo. Bpottr. ltd. 33, p. 4 (1894). 

• aVisJ, £ 177 llSS: at «k» Costa. MN 92 . p. 170 (19MJ. 

. • W. J. & Locsin. MW TO, p. 18 (1909). 

f Fox ozd Axvrn, Tnt—niin o ri Bm-Bpots. Ap J 39. p. 40 (190#. 
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Big. 131. BrapCfcM can — ntfn g aisp o U 9— 10 “ Sept 1908 (Tax ud Abstti). 


■pot war* flirt seen; both then dhappeuud end reappeared an the eeat limb 
an 4“ September. 

The appearance of the two groupa on 9* September Is shown In flg. 13 ^; 
an the 10“ cmeld—Me activity was noticed In the two gro up s and especially 
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F%. 13X BrapUons non—Ba g a nn a p ota. 10—11* Sept 1000 (Toot and Ajirm). 

In the eruption* of tbe northern group . Ha pUiea taken at 5*36“ and 5 h S8* 
G. U, T. Min er that the eruptions In the northern grou p were increasing, with 
iTMT oasod brlghtnoB in the fallowing floccuH af the aouthvn group; there 
was also a alight strengthening of an. lanlatnH floccnlna preceding tbe northern 
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group, but do indication of the ipiminent eruption. A vlinal apootroacopic 
observation at 7 * 50 “ G. M. T. showed a violent outburst of hydrogen in tho 
region innnedtetely fallowing tho son them spot. In platea ei poun d lmm o diato ly 
after, vut nrb ancea wore noticed, a bright eruption appeared behind, and 
in contact with, tho southern spot. Slightly further off, following, an even menu 
axtms tve and violent eruption waa developing; thia extended towards tho taut and 
•oath Hhe a luge branch, bright at its extremity, and divided into two branches: 
aoo d b 'i r-fr wl to w ards the northern spot, and the other joined to tho isol at ed 
fWfmliT by a cha in of bright eruption*. The floccul u s, tho remains of a spot, 
increased considerably in intensity, and extended its branches towards tho chain 
of eruption* which approached die northern spot. From thia spot on eruptive 
branch joined the er up t iv e chain approaching from below and from tho flocculus 
( 8 M 3 *). At 8*25“ the two spots were completely joined. 

The return to normal was as rajda as tho (lovolopmont of tho 

phenomenon; an observation of the Una Ha at 9*30 a showed hydrogen descending 
into the eruptive regions behind the southern spot. Measures of tho shift of 
the line, on photog raphs tafam at that time, showed a velocity of descent of 
about 100 km/sec behind the spot, and of 170 km/aoc in tho groat eruption 
east of the spot 

The result of theae movements is seen an tho plates taken botwuon 9*39“ 
and 9*48*; die er upti ve phenomenon behind the spot had disappeared and tho 
greet oupdon had subdded to disappear gradually on plaius oxpnaod later. 
The whole phenomenon laitedleas than four hours; it is boliovod that its maximum 

r ise was recorded on the plats exposed at about 7*3 O". SpoctruholIngrams 
ealrinm light were not taken when the disturbance was at its maximum, 
but certain datafli visible in plates taken before and altar, are avklonco that 
raldum also waa implicated. On the following day many small spots duvckjpocl 
in the train of floccull. A plate exposed on 11* September in Hno Ha allowed 
that the surface had re t u rned to mere normal cnodi dona, and tbo aubaoqocnt life erf 
the two groups showed nothing of importance. A groat magnetic atom began 
on the earth at 9*47* G. M. T. of 11“ September and its maximum occurred 
at about 3 h G. 11T. of 12** or 96 and 43 hours respectively after the maximum 
of the solar eruption x . 

Another considerable solar antpdon, also fully recorded by tho spcctro- 
hellograph, was that of 24 th September 1909* A arnica of photograph* takun at 
South Kensington with K calcium line sbowod a group of vary active spot* 
surrounded by an intense flocculus. On 24** Se ptem ber at 10*6* G. M. T. its 
activity had Increased greatly, and it had changed its ahapo almost covering 
the group of spoti. The rafrid program of the phenomenon may bo judged by 
the later photographs taken at South Kensington, and tboao taken by Slocum 1 
at the Tedoea Observatory at 10*27* G. It T. pf tho 24?. Briefly, the antes 
of photographs show that considerablfi activity dovalppod in tl» eastern group 
at about 10*5*, while at 11*11* the phenomenon was already dying away. 
If rids eruption produced the great magustic storm on tbo oarth already referred 
to (p. 21$), we find teat the time interval between tbo maximum of solar activity 
and the beginning and m a ximum of the tares trial distu r b ance wu* 26 hoora 
and 30 hours respectively. 

Recent imminent cm aimilar to tbn«w described above and followed by 
magnetic stoma on the earth, have been observed by Halx with the spectre- 

1 CL Katsra Baptambar M, 1901, and Grannrioh Magnothol Otawmtin, Plata n 
(190®. 

* W. J. B. Loam, MV 7a P- « (1909). ■ ApJ 31. phtolV. p.Sfl (1910). 
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heUoacqpo (p. 424). by Horse 1 . d'Axambuja, and Gkbvat", with the spectro- 
heUograph. 

The eruption, photographed at Mhndon In the upper layer of hydrogen above 
a group of ippta, Which caromed the meridian cm 45“ October 4926, wsa one erf 
fljDcoptionfll Intensity, and appears to have been a very rapid one. Its maximum 
phase mwtw to have been recorded by d'Axavbuja and Gebjiat an a spectro- 
heHagrum taken ati)M5 B G.K.T. on 43 tt October (Ogi. 4)5,454). About an hour 
later when the phenomenon was waning, masaea of hydrogen were aeon, with 
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Fig. 133. Hm apaotrahaUagnm tsku at M - d o o tha 13® Oct 19tf (fjMS* O. M. T.) 
with vary bright wsptkm an the ontxsl group of apots. 


the velocity records, d — w n d iisf into the son with a velocity of the order 
of 4)0 kra/aoo. A violent magneto] storm began an the earth about J 4 k kts 
at 20 * G. It T. on 44 th October which reached its m a ximum intensity b etween 
49* ssd 23 * of tho 45 th or 56* after the solar erupti on. 

The rapidity with which fnimr phenomena occur make it difficult to obnrve 
them, and in order to obtain a better parallel be t we en them and te rr est r ial 
ph ett otrara It is 11 nr rawiy that they should be observed and recorded with 
continuity as in the caae of magnetic observation, A chain of observers distri- 


1 UV 84 p. 380 (1036). 1 BB AF 40 p.489 (19aQ. 
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bated over the whole earth la now endeavouring, with cl nee caDsboratinn, tn 
attain continuity u far ae ponlble 1 , 

What we have referred to above concerns principally observed facta connected 
with solar observations. A dlxmaSkm of the numerous theories and hypotheses, 
such as those of Schusibb, Boflr.xa and Chafuax, which havn been advanced 
to explain the whole proc e s s of this class of phenomena is p r op er, and of the 
highest interest to geophysics. 

We shall Just touch upon another class of phenomena which we may roasem- 
obtycanrider as being affected by solar activity, and that Is metoordogloBl mani¬ 
festations. Although extensive research has been carried ont, thu results up to date 
are uncertain and often contradictory 1 . This is only natural when we consider tliat 

x 
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S%. 1M. The vary brifbt erapOaa of IS* Oot 1936 ( 13 * 15* G. M. T.) (D'Asamvuja 

and Gsbut). 

temperature, mui , rainfall, etc. at a g iv e n place, abort from its topographical 
and geographical position, are determined by the behaviour and motion of tho 
Ugh and low pres w ue areas, and are therefore the ultimate results of tho proem. 
It Is certain that the variation of solar radiation most affect tho whole terras trial 
globe, but as we cannot produce evidence of a proem which transform solar 
radiation Into meteorological candltkma, it is not posrible to do tormina tho affect 
of varying solar activity on tctrertrial climatology. 

In recent yean efforts have been directed towards obtaining mate prodsc 
and contimiooa measures of the solar constant 1 , to estabHahlta var iabili ty, 
and Its relation with oths solar snd terras trial phenomena. From Abbot's 
res earch es It aeena probable that than are long and abort porlod va riations 
in mlar radiation. The long period variations are camected with tho ohangm 
in solar activity, the short poind ones are due to regions of diminis hed bdght- 


1 CL Mar —d Towstrisl B ais Hn o W ps. InOmattonsl TTismli Cooncfl. Ebst Beport 
1936. In flu tktnl Gonl *obiHt of tfea 1st. Aetr. Dskaa, bM at mi la Toly ISO, 
a wbrnme So r ihrbf ehineM^o flgsrea of tts *m*i aetivtty horn bon sppemd. 

1 Cf. thk vahtine: BxnKxm, BtnUaaf and Tvqnstnr <kr 
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ncn in thu photosphere, which produce a diminution in the solar constant when, 
by reason of the son's rotation, these regions on directed towards the earth. 
Far this reason tho variation In solar radiation Is not directly co nn ect e d with 
snnspots, and although numerous spots are evidence of groat activity and of 
an Increase in the value of the constant, yet each spot, by partially obscuring 
tho photosphere as It posses the sun's central meridian, produces a temporary 
decrease of radiation which is observable from the earth. 

Tho ultra-violet solar radiation also varies considerably with the solar con¬ 
stant; there la, as Abbot 1 no tod, a greater Increase of enemy In the shorter 
than in tho longer waves, ptff paaut with Increasing values of the solar constant; 
tho offbet for wave lengths ex¬ 
ceeding X $000 la small In 1924 
Prim 1 began a series of con¬ 
tinuous measurements with a so¬ 
lar radiometer, with .which the 
wnlnr radiation, transmitted by 
a film of sflver (13180-3500). 
is compared with that transmitted 
a gold film (i 4780-5000); 
energy is measured directly 
with a vacuum thermopile, a 
galvanometer In chcnlt registers 
the variations photographically. 

The graphic reduction of the 
readings of 11 th December 1925 
Is given in 135 , wbau tho 
ordinates are the logarithms of 
the ratio between tho ultra-violet 
and green radiations for intervals 
of four minutes, tuid tho ahadin 
the masses of air travenod, that 
is the secant of tho son's senith 
distance at the time of observ- 
vation. The resultant curve is 
extrapolated to the Mwlfrh (ratio of tho mam of air, one) and to the limits af the 
terrestrial atmoapbae (ratio ft* no atmosphere). 

From tho determinations csrrled out at Mount WQsan it appears that we 
may that thu measure of the ultra-violet radiation reduced to no atmcH 

sphere, the soW wwiat^nt, and the sunspot relative numbers, all vary at tho 
■ptym rate; an in tho solar constant and in the relative mxmbss is ac¬ 

companied by on increase in the ultra-violet radiation. Thus, far example, 
observations show that the decrease in the solsr constant and in the ratio nltnr 
violet to green radiation at the beginning of 1926 was mare rapid than the 
in the numbar of spots. The maximum of the ultra-violet radiation 
in the period Jmw 1924 to June 1926 was reached in December 1925, when 
its vitno was 50 per cent greater than in the previous June 1 . 

If wo take the quotient of the two ratios; no atmosphere to one atmosphere, 
we And that the variation in the ultra-violet light, after having pamed through 




* Ana Axtroohji Ota Qmttim Imt 4,p. 306 (1< 

■ P«bl A8P3S. p. 21 (1506); PopA*tr M, (I gffl- __ t 

■ Pe tt i t. Ultn^&ot Bohr BidfcHnn. Ht Wtan Comm Mo. 96 or W««h Mot 
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tbe terrestrial atmosphere, la the mime as beyond the atmosphere, Indicating 
that the atmosphere has a negligible effect an the observed variation. We 
may finally observe that an increase in the nltza-violet radiation cannot bo 
exjdained as a simple lncreaae in the aim's temperatnre, becanae that would 
imply too great an inaease in the wnlsr constant «»i in *hn aim's temperature. 
We may then attribute the observed effect as depending on tbe facnlae and 
floccnli, and to a pffhle variation in the transparency of tho solar atmosphere. 

e) Solar Theories. 

88. Various Hypotheses on the Constitution of the Sun. Tho review of 
the aolar phenomena which we have attempted in these pages demonstrates 
very dearly the amount of material unused up to date. The difflcnlttae which 
must sifao In advancing hypotheses, car in elaborating tboories to axplaln tho 
constitution of the son and the evolution of the phonomoia, will be readily 
understood from the fact that we are only able to investigate tho pbotospbaro 
and the sm’a np pg layers. The munaoos theories which havo boon put ferward 
In the pest and up to the p rom pt , cannot therefore satisfactorily interpret the 
complicated machinery which animates tbe aolar globe. 

The hypo thesis of a solid or liquid aolar nucleus, upon which tho old theories 
were founded, is difficult to accept in view of the mean density of tho sun, namely 
about cme quarts of the mean density of the earth. Since the days of Secern 
and Locxykr, the son has been regarded as a largo gaseous sphere, and this 
is generally admitted, but the origin of the white light from tho photosphere 
ho been variously fixpfainnfl. Some hold that the gases under tho high p r e ae u r u , 
duo to gravity, which must exist in the sun's interior, emit a continuous spectrum 
Hka solid or liquid bodies, and this hypothesis is not only supporte d by axpoi- 
meatnl res ea r ch , but also by the physical hypothesis of tho unusdon of light. On 
the other hand, it is also admitted that the photosphere la tho insult of discon¬ 
tinuity in the son's gaseous envelope, and that it of a layer of clouds 

produced by corpuscles erf elements which are not easily vapourised. 

If we regard the son as a gaseous sphere, pres s u re end temperature most 
diminish from the inferior outwards; we should {herefexe aspect the son's dhc 
to djndnlah gradually in brightness towards tho limb and to morgo smoothly 
into tbe dark sky, bat the difficulty Is to axplsin the wall defined odgo of tho sun. 

We have rafts red to the low permutes in the revuralng layer and in tho 
chrotnosphoe and these explain tbe sharpness of the greater part of Frauhhorr'b 
Hires; owing to the amtidersHe farce af gravity an tho sun, p r uiiiu nhould 
Increase rigidly towards the intokr, so that there should ho a rapid transition 
from the regions which contain ratified gases to thorn which contain vary danm 
gases. Proceeding inwards from the reverting layer, where tho Una* are produced, 
a region is found wixxe dtffntinn erf tight is so great no tight can traverse 
it from the layers below, and, as the layer which fa capable of omitting light 
is relatively narrow, this would make the son appear with a well A nflmri odgo 
even in the largest twiw mp M 

The phenomena which are more difficult to explain ore tiwi of oquafexial 
B cne l eiatinn and the periodicity of the spot*. We shall only just touch upon a 
poerible explanation of the sun's equatorial acceleration, referring the reader 
to the M u< 1 trea ti ses where this and the otha numerous aolar are 

in detail 1 . 
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M. Wane's Theory, WiLHOfO explains that the equatorial B c c a taratloo is 
dnc to tba sou being In a transitional stage between a nebulous and a aoHdifled 
globo. Hu son tends to uniform rotation, bat this will only be attained when 
the relative motion of the different parts of its mn— dies down as the effect of 
internal friction. Although such motion la still evident an or near to its surface 
It Is probable that it has already died down in the interior. The dying down 
p roc es s is very slow, so that very long periods must elapse for Its complete 
disappearance, hence the motion still appears to be constant over a relatively 
short period of one or two centuries. An explanation of this motion is therefore 
to be sought far in the past, and not in the pres e nt , constitution of the son. 
Sampson also arrives at the mum conclusion in his theory, that is: that the 
drift now observed on the sun is probably a t emp orary consequence of the slow 
condensation of a nebulous mam. 

Wilhekg also seeks to account far the periodicity of solar activity by supposing 
that in a revolving system, according to laws known at present, displa c e m ents 
(wqtr si the result of gradual cooling, ar far other reasons, which remit in 
a shifting of the axis of symmetry so that the Instantaneoos axis of rotation 
does not coincide with the of symmetry; rech cataddancB Is necemsry far 
the maintenance of rotation about a constant axis of rotation. The fluid m a s s es 
therefore strain to correct the div er ge nce between the two axes so as to make 
them ewiwHiU, but equilibrium is retarded bemuse of internal friction of fluid 
and gaseous mama, so that the divergence may become considerable. It is 
only when the frictional resistance is overcome that a shifting of the m sa n 
will restore equUfbrinm. The periodicity of this protore may therefore give rise 
to the periodicity of the sunspots snd prominences, and may also explain the 
relatively rapid increase In the frequency of su n s p o ts at the r e cu rrence of sobur 
activity. 

85, Bum's Theory. Notable prog r re s has been made in our theoretical 
knowledge of the constitution of the sun, as the result of Kudo 's Investigations 
on the hydrodynamics of gaseous spheres 1 ; three may throw same tight upon 
Homo of the solar phenomena. 

Tin nm—* on tho sun's surface emit heat, become mare dense, and tboe- 
foro sink deeper Into the surface. If the sun did not revolve, then, supposing 
a statu of equilibrium, there moves would stole down to the centre displacing 
on oqual quantity of mattre which would rise to the surface. Tbla jxocere of 
inflow and outflow la completely altered by the sun's rotation. 

Symmetry requires that surfaces of equal p ress u re shall be surfaces of 
roUticm. Tho cooling retain their moment a of r otation as they sink and 

therefore os they aprxoach the son's axis they move forward with increasing speed, 
mfnlnlng thoir internal heat, wfafle the dis p laced mareoa, which retain tbrir dower 
moment of rotation, lag behind as they rise. We have tiiarefare marere of voporo 
of different donritire snd rotational velocities which may we ll give ri se to well 
Affimwi discontinuity surfacre following each other. The pace —ry c ondrnom 
far the formation of great waves apply to there anriaces; the waves, <* train 
of wavre, not inclined to the solar axis increase conthmrxaly, and became of 
their accelerated nxrtton they brash up and farm enormous vortices where the 


two layers, Is established. In this wayonl^cana 
Tjfaca in the revolving son, because the dlflarent mcsnetfte of rotation chock 
thefarmation, in a redial direction, of c on si der a b l e convection curnrota. Internal 


1 Sana, GMkafda. Lrfprif (1907). 
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friction la not suffldent, on account of the smell coefficient of friction, to belanco 
the momenta of rotation and the calorific energy of the various on tropic contents 
in a sufficiently short period of time. 

The miring proca w hea been investigated theoretically by Emdxn who 
arrived at the rnndmri^ that the supposed surfaces of discontinuity are opon 
surfaces, which cut the photosphere along solar parallels, whoso meridian sections 
are represented In fig. 136 . 

The Iwfwwnrw which Emdkx draws from his theory agree with some of 
tiie observed facts. One is that the strata of the solar surface In the polar regions 
must have a higher temperature than at the equator, and further that in equatorial 
regions they must have a greater angular velocity than at tbo poles. In fact 
if the sun did not revolve, convection currents would be produced freely which 
would mix together the mmtmtm at all depths, the sun would then cool down as 
the early snlar thaoriea predicted. Rotation does not affect those currents which 
move along the axle to or from the pedes, but the closer to the equator, tho more 
Is the formation of the convection currents obstructed by the formation nf 
Eiznsris surfaces, and the lew will the fanner penetrate tho son. Tho convection 

currents cannot be produced except within each 



of the layers between two surfaces of disconti¬ 
nuity, the loos of heat Is therefore less eerily 
restored at the equator than at the polos; tbo 
solar surface must therefore bo wanner at tbo 
poles than at the equator. As an experimental 
confirmation we can remember that probably 
the chromosphere la higher as a ruin at tho 
poles than at the equator (p. i)Rf.). 

We may conceive the gon oration of tho 
various angular velocities to take place in the 


Tig. 136 . Tha dfaean tin oily nr- ®n»way. We have shown that WO cannot spoak 
fa cm of the Km accordlsg to of a single velocity of rotation; now the cooling 
Emm's tfcaroy. of the surface is accompaniod by a corresp on ding 

contraction and an Jnoeaso in tho superficial 
angular velocity, but while the convection cimmnli at tho polos am tho some 
aa the angular velocities, at the equator the currents are chocked and tho 
external regions there cannot impart their Increase of velocity to tho mams 
bejow. There la therefore a definite apparent equatorial acceleration, which 
la exactly what la obasved. 


Emdxx*b theory also explains the formation of sunspots aa duo to mutual 
friction In the solar strata. We have seen that between two contiguous layers, 
vortical waves are formed whan direction af rotation is the mm as that of 


tbo sun’s. These produce, aa in the case of te rre stri al cvckmea, a decrease In 
premure and auction In the direction of thrir axes. The Initial aam of tho spots 
is none other than these small local vortices, and wtan they form at a short 
di s tan c e below the surface we hove depruriona in the photosphere. Tho pboto- 
spherlc matter drawn into the base of the cyclone tends, by Its rotation, to rink 
into the depremloa and to form an irregular crater. The more central gaseous 
mama which replace those which have been drawn into the vortex produce tho 
s 1 eminences ami the tacohe which are always found near the spots. Internal 
nic tion gradually canaca the vortices, the primary cause of the phenomenon, to 
disappear. If the vortices axe fanned near to the surface, rotatory motion, in con- 
trery directions In the two hembpherea, may appear In the spots (fig. t J y) # but unless 
thedbliulMncm are atacmtaln depth they will ghm n o hutimtinw nf 
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A phenomenon which might support this theory was obrerved on to** Sep¬ 
tember 1908 : two spots situated needy in the same longitude, but an apposite 
sides af the equator, wore united externally by an enormous eruption which 
was almost a continuation of the internal vortex (pp. 214 , 215 , fig. 151 and 132). 

• The drcolatlan af the gases, which the theory implies la not in agree¬ 
ment with the obeerved drculation at different levels, nor does the theory 
the formation of bipolar spots almost an the same parallels of latitude, which, 
as we have shown, are the most frequent. 

The shape of the discontinuity surfaces shows *W there must be a ««> 
near the equator where spots cannot be farmed; it is only in exceptional «■« 
that a discontinuity surface can be dissymmetrical and give rise to spots in 
thoso regions. Similarly, at tho poles, dbcantimdty surfaces do not readily occur, 
and as it is only at great depths that the difference in the linear velocities becomes 
sufficient to produce vurtkxa, sunspots cannot be produced; for three reams 
spots can only appear in mean latitudes, which agrees with observation. Euro's 
thecay does not attempt to account far the 11,5-year period, became knowledge 
of the son's internal strata is lacking. With regard to tho appearance of spots 
in high latitudes, after a period of inactivity, and their 
drift towards the equator, we may imagine that tho 
upper layers cool off men rapidly during the relatively 
quist period before they approach the son's centre, and 
that the internal cu rrants are not able to contribute to 
the re-eatahUshment of thermic equilibrium. Because 
of the relative quiescence of the mtum , the disconti¬ 
nuity surfaces can therefore be produced at great 
depths and in high latitudes. Tho spots will have a 
greater tendency to occupy than latitudes but, as the 
activity of the sun increases the unstable equilibrium 
of the maw cooling an tho surface is disturbed mace 
quickly, the cooler marere must therefore sink mare 
rejddly, and give rise to stratification and to spots in lower latitudes. 

88. Bihodmi 1 Theory. Euro's theory, like others, taka no account of the 
sunspot magnetic fields, nor of tho other connocted phenomena which have given 
rise to an entirely new c on ce p tion of tho formation of sunspots and the con¬ 
stitution of the sun In general. We have sugge ste d (p. 196) that the hydro¬ 
dynamic hypothesis la tho one which best explain* the movements the 
currents which develop In the disturbed regions of tbs solar surface. A notable 
attempt to apply the principles of hydrodynamics and thermodynamics, mslring 
use of terrestrial anal agin, has recently boon made by V. B jxaxxxs 1 to explain 
the drculation which must take place in the upp er layers of a gaseous sphere, 
Kkc the sun, the formation of spots and thdr lower temperature, their ap p earance 
in cycles, their bipolar s tru c tur e, and so an. The attempt is the more remarkable 
in that tho greater pert of the observed facts fit a comparatively simple hypothesis, 
which later developments lead ns to look upon as of great valne to solar physical 
research. 

Granted that the ion's radfatkm is the origin of solar phenomena, it follows 
that the hmdnoua and thermic radiations are raspqndhla far its internal dynamics, 
as also far the expulsion of electrically ehaxpd corpuscles which are n ece ssary 
to its electrical condition. The upper layers of the photoaphore are subjected 
to cooling -and therefore their state of equfHbrium is disturbed, the heat so lost 



Tig. 137. Formation of 
njMpota a ncnnlhi g to tho 
Bunn theory. 
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is restored by the deeper layers by means of internal radiation, convection or 
conduction. Internal radiation, is jrobahly the dominant factor, especially in the 
deep layers at wyhlgSi temperature. Bnt aufflrimt radiation remains to produce 
powerful convection c urrents , wboaa effect inaeues near the surface whore by 
reason of a lower temperature internal radiation Is not so pronounced. The sun's 
rotation tends to distribute the various phenomena In a general aono symme¬ 
trical to the tala of rotation. 

Although he has not put forward a hypothesis an the origin of the sunspots, 
magnetic fields, Bje&kmxs admits that they are vortices, and supposes that 
their magnetic polarity changes with a change in the direction of vortical motion. 
Comparing the spots with ter re st r i al tropical cyclones, bo shows that where 
there is vortical modem with horixontilly curved currants, whoso intensity in¬ 
creases with height, the v or tices must have a central core of cool gas. In fact 
the ynrtww produces a pump in g effect, mvl censes the masses of gas to ascend 
from the interior; these become adiahatirsTty cool in tho p ro ca w, 

Bjxbxmxs has deduced a formula widen gives the temperature gradient, 
from the coitre of the son outwards. In ter ms of the increase of velocity of 
tta current with the height, end also the angular velocity of the vortex at the 

surface. In applying the formula to a 
■pot, considered as a vortex on the sur¬ 
face of the photosphere, we can ammo 
it extends to a depth 27 below tho photo- 
sphare, and that the vortical velocity 
taken as tern at depth 27 Inmnwa linearly upwards (fig. 1J8). Calling D tho 
central depth of the deprearion erased by the vortex Bjasuras 1 formula la: 

where T la the surface temperature at the centre of the spot and X, the sur¬ 
face temperature of tho photosphere. The formula shows that the fall In tem¬ 
perature is proportional to the deprarnkm at die surface of the photosphere; 

thus for ^ X, — !T —1100°, so that & d op readon In tho photosphere 

only emo tenth of the depth of the layer involved is sufficient to produce a fall 
of temperature of 1100 ". The velocity required to urodneo a d epre s si on is of 
the order already determined by observations, and is a probable one in view 
of the conditions in the son: that is, far a vo r t e x whose diameter is ton times 
its depth the velocity required to produce a d epnak m of one tenth is 5*5 km/sec 
at a di s tance of 10000 km from the centre of the vortox, and 17,5 km/me 
at a di st an ce of 100000 km; the velocity Increases with the fall in temperature. 

The v or tex theory thus simply the inc r**—absor p tion of the 

umbra and penumbra. Under mtoue radiation from tho interior layers, tho 
cool mames, Which form the care af the vortex at any moment, cannot retain 
their low temperature unless si they get heated; they are replaced by mames 
drawn up from below, and flow radially outwards on the surface of tho photo¬ 
sphere. This process continues sa long as there is snffldant energy for tho pnmtdng 
operation. During the motion outwards the drculation roondthe ce n tre aftbe 
■pot decressoB rapidly rad the radial componen t predominates. The radial 
motion outwards at the level of the re vers in g layer cused a drop In temperature 
and a corresponding radial inflow into the upper layers. By reason of the sun's 
rotation the inflow amnmei a nrfrvl fexm, winch what is alien seen in 

hydi'uguu and calcium spectrohenogrsms. As the spiral formation is determined by 
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Bt 5 ,i «iui not by that of the photuphaic vortex 

][f oochBpot TOO to ten an independent ▼arte*, twin roots would cuhr 
? **&*& toe fr«L««cy of bipolar spot/Eli tinted 
tboJt th«y mi^t bo formed by a kind of ring, the two spots being at ttainte- 


™T T 10 “ ““pendent vortex, twin roots would only 

to explain the frequency of bipolar spot/Eli earned 
*J“S ^ rf rin * to# two spots being at tUfcte- 

“ *■ riDg «- — - *» 

important of the two, connect- m r% m 

ingtho spots below the photo- 1 " f 1 N A 

Developing this idee, d 1 

BjXBKicxa advances the hypo- 

thoria that all apota may be I l I. L.—L ^ j 

dnotoannulvortex*rorrotmd- 

ing tbo eon Hko a parallel of —-^ v -^ 

l a in to d o, riddi gives rise to a *39. ftnaUua at any e cm dm B imia * 

spot wherever it crones from byprtfcJa 

the photosphere to the revers¬ 
ing layer or vice verm. The hypothesis may be developed in two ways: the so- 
nal vortex may belong mainly to the solar atmosphere and occasionally dip below 
the photosphere Dram spot to spot of a binary system (fig. * 39 , A), or it may 
lie b elow the photosphere and occasionally ascend into the aninr atnxwptae 
from member to member of a binary system (fig. 4S9,B). The zonal 
hypothesis baa the advantage of e m bodying the more striking feature* ofamrved 


an dm Bixxxsn* 


that the roots 
comparatively 


of latitude add that they are generally of the v 

bipolar typo; that the axis of each binary sy»* 
ton tends to perelleliBni with the equator; A 

that the Unary systems of the mum cycle 
generally huvu the mine sequence of polarity; jff 4 

that at their firet appearance the groups are ff 
often bipolar, end a single spot generally re- jff 

proaonts the last phase in the life of a group; ja Juk^Jj 
that the companion to a single spot follows fi Jjm fff < 
tbo original spot, if tho latter poaremae leading Iff lSf W 1 
jtoUrity for that cycle, and precedes it under Iff m ffl 
convene conditions. l il l 

In addition the theory redness the jxck 
groerion of the sunspot phenomena from high Hf. *4 0. C as s rii 
to low latitudes, to a motion of the whole to 

tonal vortex. whilo the revunml of polarity 



dnokikm 


If layers of dufarant deosatia preexisted in t™* twtynnr of the sun. 

Fig. 140 repraaents the rimplast example of stratifled drunlatte. The upper 
layer i» amumod to drcolate an the surface from the poles to the equator, and 
the lower layers from the equator to the poles. The layer next buow riinrild 
therefore drcolate from the equate to the pale in Us upper part, and from the 
pole to the equate below and so on. 
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Bjn u om observes that thamodynamkally such drcnlatian la possible; 
the motive power la anpptiad by the cooling of the photosphere by radiation 
and the corresponding heating of the lower layen bv radiation from the interior 
and by oontnet with the laver next below, The photosphere may fbacloro be 
Hhwnwd to a thermal machine. On the earth, the rmnw n i a circulate at high 
dflvatknn from the w nwh 11, to the poles «»d f mm the poles to the squatf in 
low, the chief Bootee 3 heat being the groond level at the equator. It la difficult 
to d etermin e the direction of drcnlatian an the son, but once circulation has 
been set up In a given direction it win continue in that direction. 

Assuming that the circulation in the upper strata of the photosphere Is in 
the direction pole—equator, and that in the layer below it la In tho contrary 
direction, we aeo at once what most occur by reason of tho son’s rotation. The 
vast internal mama in the son an both sides of tho oqn&tarial piano about tho 
axh of rotation (the shaded areas in fig. 140) which are not concerned In the 
general drcuhtiau will evidently move almost Hhn a rigid body. Tbo mareca 
which tike part in the general circulation follow tho some general law which 
holds good on the earth; those which move from the pole to tho equator lag 
behind, while the mama which'move from the equator to tho polo move forward 
relatively to the rigid tr apparently rigid core. The layer above those which 
participate in the genoil circulation should therefore, according to tho hypo- 
thaafa. appear retarded in hlgfr latitudes relative to tho equatorial mnaaea;thkwould 
explain equatorial acceleration, which might be better termed “retardation in 
the hlgfacrlaHtndwi w . The theory alaoimpMaa a retardation relative to tbo pole, that 
la a polar acceleration should be manifest near the polos. Considering tho difficulty 
of {recta determination at Ugh latitudes, Amu 1 results (p. 165) are con¬ 
cordant with theoretical requirements, and prove 1 that an investigation of tho 
region between latitudes 7$" and the pole, undertaken with powerful instruments, 
will be of great value In deriding many questions connected with tho law of 
the sun's rot ati on. 

During their slow trogrea from the poles to the equate tho *"■—"■ which 
oonatitute the surface of the photosphere muit coal dawn gradually. Consequently 
the Km’s temperature mot he highest at the pales andlowust at the equate. 

Calling AT the dlQaeua between the temperature at tho polo and at 
the equate, and k the depth In metres of the overlying current of the upper 
circulating stratum, we obtain from the theory; 

12000000 
AT ~ — a — 

Par k — lo o tan we gat A T — 120*. end far A —1000 km, AT — 12*; tboyo 
difference af tanpsature are however much too mdl to be nwumyi rm tho 
■un. But tiie pousbiHty of greater differences cannot be far Qxuntdu 

in the oae of a deoeeae in the depth of ealer vurtfcea and alao of the individual 
layem which p u U dpa tn in' the stratified drcnlatian due to greater in tonal 
stability of the am, We have rfiown that Ekdkn’b theory alio i—ds to tho 
ce ndn ri n n that the son's taupwature is higher at the 

To conclude, s unapoia depstd. upon lntentifled local drculation, and the 
equatorial acceleration upon the alow general circulation. It now ramahw to bu 
■een whetha the two e xp lana ti ons agree .in explaining tho appearance of spots 
fa low latitndea, end their characteristic periodicity. We may note that the 
greateat differences in temperature occur an either -ride of tho equator when 
the cooled name of the photosphere, which have continued tbrir radiation 


1 CKMgia.Iret ol WMttogtoQ Vo. 131 , p» 130 (1911). 
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y}n^ they left the pnln*, rlnnrmil and <*n™ into contact with the heated ascending 
mazaea erf the immediately underlying layer. lUs condition la favourable, an 
the one to a concent ra tion of the general circulation in low latitndea aa 
indicated by the enrvea circulating within each layer in tig. 140, and on the 
other to the formation of otha vortical zonal ring! which produce the spots. 
If then zonal vatticea last a certain time they will be carded about by the general 
drcnlatinn into lower latitndea 

To explain the observed reversal of polarity it la only Decenary to conceive 
the existence of two zonal vertical with opposite direction* of rotation which 
an swept along bv the general circulation (tig, 444). If a certain number of 
years is re quired for complete drenlation behreen the poise and the equator, 
aa enema probable, a period of 23 year* for a complete revolution of the zonal 
VUrticeS is not nnmflwraW*- 

The proceei a! tide simple mechanism, which, aa Bjkhzkis observes, is 
dynamically and tharmodynamioany pcaetble and which might be developed 
into a complete theory, agrees best with observed 
facta which are: that the spots cf the new cycle 
with opposite polarities and dire c tions of rotation 
appear in high latitudes at about the same time 
that thcae of the old cycle are disappearing near 
the equator. When the vortex dips and 
dlappears at the equator, only the apota of the 
new cycle, which la then in fall development, will 
he in evidence; aa this vortex reaches the equator 
the first vortex reappears in high latitudes and 
produces the spots of the next cycle with their 
reversed polarities, and ao on. 

With regard to the general droulatioo, we have 
Mid (p. 405) that the Greenwich obwrvatiens lead 
pa to conclude that the fawik* move towards the 
poles between latitude* 0° and 40" with more 
p mnnminfirl mo tio n at Hflh Thin mo tion 

most be predady that produced by Bjxbxhb 1 hypothetical cu r ren t, wheae 
direction, bokrw the level of the taeniae, la from the poles to the equator. On 
the other hand, it will be remembered that attempt! to determine the dr* 
eolation erf the p r ominen ces lead, in the majority of cases, to indefinite remits, 
although, aa wo have pointed out (p. 450). well marked directions are noted in 
dtifinot latitudes. 

This intending problem flumes conrid—hie importance in the light erf 
BJXUKX8' theory and la also connected with many others, for exasroZe with the 
variation of the eq uatorial acceleration at different levels. Suitable ra—rrf i 
in the future may more or lea confirm or modify this and other theories which 
endeavour to throw Hght upon the c o nstitu tion and dynamics of the am. 
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In flnkhlng this account of Solar Physics I desire tp record here once more 
my gratitude to Mr. W. P. HxxDssapM, who has been ao kind as to translate it 
from Italian into WngHsh, and to Lieut. Col. P. J. M. Stcatton D. S. 0. who 
has moat kindly revised, tho proofs. 
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. It h«a been suggoted mare than oocq that the earth, or generally speaking 
the planets, may, in acme way, influence the variations in solar activity. Rawerch 

hna hww imHurtahm bat it ODtDOt be aaM that any defin ite r wanH haa Twi 

obtained, yet In order in sapplemort what has been eaid In this Beotian e brief 
account of what has bam done in this direction is cmeldered nacemary 

From an eaaipfamtiop of tiie praninenceb an the Hmb obeerved at r^itanU^ 
Palenno and Roma be t ween 1880 and 1896, Syxora 1 noted that the number 
of prominences obeerved an the east limb (51,5 p® cent the total mnnbs 
of prominences), *ar n eeded the number observed an the we e tem Hmb, aWI be 
attributed the B a a to thaenrvfllnaT mnHnn nf tfvi mmmtm of tha pt wnfawncaa 

Mrs. Maunder, who mminwri the mnnbera and areas of the e u n a po ta obeerved 
at Greenwich during the cycle 1889 to 1901", arrived at the rrmrhwAtm that 
there is a decidedly prepandaring activity in the eastern half of the solar din 
over the wee tan half; 947 groups appeared on or wens fanned near the eastern 
Hmb, against 777 wUdi disappeared on the weetem Umb. The dlfferenco, amount¬ 
ing to 22 per cant, ia attributed by Mia. Maunder to a possible Inflnence of the 
earth on the son, implying tfast the earth may have a damping effect on solar 
activity which taod e to dtaatpa tn ap ota end pnantnencee as they cross the visible 
disc. J. Evkbb&kd and M. A. Bvessekd djneowring the prominence observations 
undertaken at Eodaikanal 1 between 1904 and the first half of 1912, find a notable 
constant oinw in the number of e aste r n promhieooaa over the wee te m, and 
that the me ta llic prominences appear to be more active and mare npm erou a an 
the eastern lhnb. Bnt between the second half of 1912 and 1914 the areas 
disappeared and the two Umba showed 1 practically oquql activity. These two 
authorities ako suggest a pebble terrestrial Influence, and that the change 
which occurred in 1912. might indicate fluctuation or periodicity doe to other 
ce n s e s. Father Chevalier dJacdasfaig the annspot observations carried oat 
at Z0-aA from 190$ to 1917*, into wwMw trim • total number of spots 
large end stoall as well as tiie large spots only, «™r»hvliVl that the activity In the 
e a s te rn portion of the solar disc » the wane as in the we stern . Similar research 
on the taeniae co ver in g a longer period (1886 to 1916) was undertaken by HLixnr- 
der 1 , and he ainflina the xenUs arrived at by Mm . Maun der for the spots. 
The total area covered by the tn thrr eaitern hemisphere was found to 

be 5 per cent greater than in the western throughout the thirty years tinder 
con sidera ti o n , thus demonstrating, according to Maunder, . the apparently 
persistent and systematic effect or the earth on the pro duction of facnlae; 
the effect is of the seme order as that found for the spots. Similar resold wen 
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obtained by Ranfta 1 after mmmbdng the photographs of the apota obtained 
cat the Ebro Observatory between 4940 end 1930. 

From then varloos iMeeiehea we cannot as yet be certain of the 
of a rcppoMd te rre stria l influence, all the more becanee ahnflar effects ahoold 
"bo produced and ibonld make thameehr m frit by the other planets. In 
pAun 1 ( hemmin g Wou'a ntnnben in aearch at a pnwdhln annual periodicity 
which appear* to affect the sunspot eyrie, tentatively condnrtaa that the earth, 
an well ai the other pkneta, appears to emit into apace, or sends beck with a sort 
of reflex aetkm, part d the e le ct rifl ed particles which ere continuously reaching 
it Inin the son, and that aa far aa the e ar t h more particularly la coo earned, this 
might canae a aznall but ofaaervable effect an the activity at the opals which is 
probably at an electrical nature. 

While this aection waa in jaint aeveral artirioa on Solar Riyaks have been 
ptibUihed. Below are given those which specially refer to the subjects already 
dealt with in tide aection. 

Ciph. 9 . H, W. Nxwrox desk with the Ban's eyrie at activity in the 
4 ' Quarterly Journal ot tile Royal Uetaaralogknl Sodriy’ and refers to the most 
recent f e a nard iea. 

Ciph. 14, p. 428. Cf. Revkkm of Rowlaito'b Pieliminaiy Table of Solar 
Spectrum Wave-Lengthi with an Extenrioo to the Pr ese n t Limit of the Infra- 
rod.—Publhhed by Carnegia Institution of Washington. 1928. 

Ciph. 45 ud 18. In a series ct impo r tan t papers (MN 88 , pp.488 and 493 
(4 928)1 and in "Nature", June 9* and 46 th , 4928] Milks deals with the p acuro a 
In the c hr n mn a pher e and in the reversing lays and with the eff ec ts erf coDUons 
on manochramatio ndlative eqatHbrinm; he concludes the transition fr om 
local thermodynamic oquIHbrinm to mrginrlmnnnilc ra diati ve mpilUhrf nm has 
an i mp or ta nt bearing cn the change of roridnal intensity between centre and 
limb. It will be interesting to aoo bow nmch these thecxetical predictiona ore 
confirmed by the obs erv ation of the raridnal intensity in the fine-centre at the 
llxnb and that at the centre of the disc. 

Milks proves also that the vitae of tike pr e mie for the caldnm chromo¬ 
sphere computed by UxbOls [Z f Fhya 44, p. 793 (4927)], nmch larger than 
tli at dednnnd by him for the base of the chromosphere, is not pmsfhle and 
that the Investigation of UxbOld 00 the equilibrium of a layer of Ca + and Ca ++ 
out ana in thermodynamic aauillbrhnn relates to the reverting layer. Thechromo- 
aphore condrta, m Mrunrs theory, ahnoat entirely of Ca + atoms and free 
electrons with the prams of the aider of 40 _1J atinoa. At the base it a layer 
In local fhsmodynomic eqnfitbriqm (the revsnlng layer). 

In farther devriopment of similar problems UxbOld [Z f Phya 46 , p. 765, 
783 (4927)] deals with the structure and* formation of the Fsadk&over lines, 
the quantitative sp e ctn nn-anaiyris of the solar atmosphere and the amterinn 
apoctrura at the sun’s limb; be arr i v es at a cnpdnakm which ia.partially con¬ 
firmed by the ouiieuts in the c hromosp here, and at a theoretical representation 
of the intensity cur ves of FSimaonra linos which fatty agrees with the theory, 
excepting the hydrogen tinea Sft, fly, H6. A comparison b et we en thoditiribation 
of intmaty in tino Ha, rither <rf a h atx pti an or nmWnn , on tiie Ian's Umb and 
in the, chromosphere dedneed from the theory <rf radiative equilibrium, agreea 
With o b se r v a tions. In this Inv es ti gation no contirimatioo is taken for the dfo- 
aymmetry of the brig h t component! which has been traced in the doable in- 
‘Venkn <rf fine get at the limb (see dph.44). J. W. Wolxjsx jr. (BAN 457. Sep- 


1 Bop Aar 30, p. 4 (1023). 1 Pop Astr 30, p. JJ5 (19M). 
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tember 1928) deals with the themy of the chromosphere and of the corona and 
criticises die actual occu r r en ce at Mum's hypotheeee, but on the other hand 
he ■opportatimao hypothecswhich mggert that the chnimoBphere and the corona, 
consist of expelled atoms and el ectr o n s which however need not all leave the 
son once far ell, hot at least partly may fall hack In the solar atmoaphero. 

Ciph, 15. S. R. Pin [MN 88, p. J and p. 655 (1927—1928)] diwtunes the 
motion of the gum in the solar atmnsphsre, aa we have already had occaakm 
to martian, the separation of the gaeea in the prondnancce, bnwwi npau 
Mum's theory. 

Catania ting the radiative force over a given ana In the photosphere at any 
given temperature, be has determined the motions of the gaeoa in the chramo- 
sphoe, and they can be c omp a r ed with the observed mnAns - The agreement 
is Mthfactnry although there are khdo observations which do not ooem to be 
capable of explanation by radiation prasora only. That theory predicts a con¬ 
siderable sorting oat of the various components of a mixtu r e of gaeas which h 
in motion under the Infhmnr* of radiation pragm a. The order of the magnitude 
of this effect, which has been calculated by Pm in accordance with the theory, 
ihoold be readily observable when the simultaneous mntinmt of the diffimt 
gases in the aame praminaice are invmtigatod. 

Ciph. 22, p. 218. CL BoDetin for Qiaracter Figures of Solar Phenomena. 
International Astronomical Union. PnhHahad by the Eldsoo. Steruwarte ia 
Zflrich. 1928 . 
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Eclipses of the Sun, 

By 

8. A. MrrcHELL-Chariattaeville, Va. 

TOtii 7 illiBtntfasH. 

a) History. 

1. Introducti o n. Ha obearvatioa of a total ectipee at the eon la one of 
gnat ffrritmnait and nave-racking tmrim. The Hfe of an ecHpae astronomer 
may bo to of a hunter after big game. Many nwntin and even 

years are apant In quietly investigating the problems, a costly eqnijanant ia 
accumulated and^each piece of dHIrwte apparatua la car efnlly tested at home 
to aee that It will ixupaly perform Ita designated fimcHona at the cdtioal mo¬ 
ment. After aome weeks spent in the field erecting the instruments and moat 
carefully adjusting the camana and spectroscopea, the eventful day a p proa ch es 
Each and every one of the observing party hemnwo mace and mare latr ine 
and keyed up mr the great event. A succamfnl attack fiee only in taking care 
that ovary aoa of the pcesible chanoaa of failure la obviated. When the ''aero- 
hour” arrives, bringing with it the total actipae, will the attack be Bncaimful 
or will samo Uttlo btaudar spall everything, or will dandy Alee render of no 
avail all tho long ™ntf» of preparathm and show only the edijwn entirely 
ectipoed by ckrada? 

Today, as never before, oar daily Hfe fallows its co ma e surrounded by the 
wonders of s^Une*. But onv^g ri- all tire wonders of sll the wonderful srlenraa 
tharo is no adanca which deals with such a gorgeous spectacle sa la exhibited by 
the quean of tho astronomy, at the moment when the earth ia gradually 

shrouded in darkness when around the willing orb of day there appears 
tho matchless crown of glory, the beautiful corona. Nor can any admen duplicate 
tho wonderful procMou shown by the work af the astr on o m er in his capacity 
to predict hundreds of yean in advance the exact hour and minute at which 
an arf lpai will hl ^ n and the locality cm the earth's sortscn rixn such an 
ecUpeo will bo visible. There la no other adanee which can boast wch a rich 
harvest of reaped per hour of time spent in a enirin g the observations 

safe thecaao wltii investigations of total ecHpa* of the son. The entir e dnr atims 
of totality of all octipsos successfully observed since the mefhoda of astrophysics 
w are first introduced have amounted altogether to about ou brief boor, or 
sixty golden nrintrtm. The writer haa travelled one hundred thooasnd kflo- 
nmtsrs in order to witnoa seven total spier eoltpaee and to have the opportunity 
of working during the time of totality far fifteen paltry ndmztes. 

The Surprising feature of rolipse work la not tha t the I nforma tion la ao 
H iM g m fnr ht<i Hnw md magy 'and money spen t fa e c lip se 
rather that the iwnlts have bean so cbmpfcte in spite of the brinfnr ea of the 
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time available fv observations and the lack at o pportunit y for testing out 
instruments under eclipse conditinni. The rewards from eefipre observations 
are indeed grant bat die chances of faflura are many, neperislTy from that arch 
enemy of the astronomre, clouds. 

I. Bolipees before the Nineteenth Century. One of the strangest portions 
of the histor y of astronomy before the reM*n«i of the nineteenth century is the 
lack of interest in and the dearth of accurate obearratione of the phenomena 
vMble at the time of a total eefipre of the sun. The days of laboratory methods 
had not yet arrived, it was not the habit of mind far the scientist to make 
nipwlm e nt a, the telescopes were small end p o wwreri few accerearioa. The 
utroDbos used the telescope merely as a magnify in g instr umen t in order to 
note more accurately the time of some event or to measure angular distances; 
an observatory was indeed a celestial watch-tower. The only observations of 
value made of nrfipaw bef or e the birth of astrophysics was in noting the times 
of contact of the limbs of the sun and moon. The beontlfnl corona was watched 
with owe and admiration, a few sketches of it wsa mode, but there wore done 
■o tndtffertnU y well that tittle information w&s fartimaming. There observations 
were made only in the event that the edfere happened to pare aonre the ob¬ 
server, for so little intmest was taken in there phenomena that no expeditions 
were amt out. 

It k surp r isin g to find how few published references to the corona exist in 
tfaeeadytttsntiira. Pluiabch and PmLosnurus give aHnatoQB which unmlstako- 
ably refer to the corona, but apparently the first to take any scientific cognisance 
of the crown of glory was Xxplxh. A hundred years later, at the ocHpre of 1706, 
Cason, who was a skflied observer, dracrihra the “crow n 1 * of pole light, exul 
he derides It must be censed by the file urination of «ndfer«1 Hght; and eleven 
years thereafter, Hallxt rew the corona and also prominences, hot he was 
unable to deride whether the corona belonged to the son or was an appendage 
to the moon. 

If so little attention was paid to the corona which preaents such a gmgoooa 
spectacle so readily visible to the naked eye, it is not surprising that erven lore 
notice should be taken of the "red flames*. The first reference to flmm swims 
to have been at the eefipre of 1706 when they were apparently observed by 
STAjrwYA* who wrote a de sc ripti on of them and amt it to Flambtxkd. Tho first 
vivid portrayal was by Vasdiiui of Sweden who o b s er ved than in 17H. The 
Spanish admiral Ulloa rew them while at sea during the eofipso of Juno 24, 
1778, and be famished a valuable account, with the addnd explanation Ihnt 
the rosy fanes were censed by the son's light sMnfeg through somo mdeorczevice 
in the Mmh of the moon. 

8. TTrlfpaea from 1818 to I860, Two after the pioneer work of 

Fsauxbqrs so happQy had started the new arinna at astrophysics, it was 
found 1 "that the stud y of t he sun was now (1853} *n fell swing. We had at 
loigth, after waiting same centuiins, a method at observing a spectrum; we 
had, further, the fact that there van dark Hues in the wJt s pe c trum ; that 
c o lor ed flam es gave ns bright fines; that certain substances sto p p ed s onwi of 
the fight which pareod through them, thus producing darfc Hnaa. geaco 
the solar fines fright be produced in. the suns way. 

The aolar eefipre of 1836 was the first eefipre at which the nmthods of astto- 
physica were applied and the observation of £fc played a very i mporta nt role in 
the Watery of the new science. The eefipre was visible at Edinburgh, bat it 

i Lctarra, Oumktrf at Sofa, p. 41 (1887). 
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was not a tot al acH pre bat nmiy an ■wmiw Bbrw m had al read y 

dlacovarod the taues trial atmospheric H™, in the spectrum Fobhh 
bad abown that these Tin as wure few in nnmbar snd relatively unhnp retai i t 
compared with tho vast number of Hiw to the sp e ctru m. Mor e over , be 
erapharisod tho fact that the FftAUNHons Horn could not have been by 

tho absorbing eff e c t in oar terrestrial atmosphere, for if this were tr ue the g y r h s 
of til heavenly bodies, including the stars, fh"" M be identical with that of the 
snn. Ao tho spectra of the stars differed arming dirnw h ai snd at s h o wed 
striking djffqnmcri from the spectrum of the son, it wss manifest thii it wis 
not puaslhla to inwgine a terrestrial nHg l p % all of the solar Hues. Consequently, 
if the absorbing action of tho earth's atmosphere conld not give an adequate 
explanation, than than appeared to wnatp no other than that the origin 
of tlio spectral Hues most take place within the son's own atmosphere. If, there¬ 
fore, this wu the tree explanation, fh*m an ■nnninr eclips e ortho snn would 
appear to furnish a crucial test. It been observed by Fobbed that tl* 
terrestrial Hnes in the solar spectrum became more and more intensified as the 
tun approaches the horiaan and its light reaches ns through greater snd 
greater layors of our earth's atmosphere. In Hite fadMrm it would appear that 
there ■TmnVi bo a dmflnr effect v isible in the Hnw of truly solar ori gin as the 
Hght from the sun reached os after traversing gr e at er and greater layers of the 
sun's atmosphere. Sw* the Hght from the of tTm son must y— through 
a modi greater thirknew of sdar atmosphere than that tram the son's Center, 
it would appear that the spectral lines from the son's edge, observable at the 
time of an ammlax eclipse, should be much intensified in comparison with the 
Fbaunhdkkb Hnr« visible under ordinary caxuHtiomi from the sun's center. 

Tho eclipse wss observed by Fobbks who faded to detect any difference 
whatever, in the numbers, positions or intmritlBS of the Hnes of the apectnmi. 
Since tho differences in intensities of the ta re s tr ia l Hnea are ao very marked, 
it Is not surpriring that Fobbks 1 should come to the obvious crmdnilnn that 
"this result proves conclusively that the son's atmosphere has nothing to do 
with the protraction of this singular phenomenon." 

To ns at the presort time who are accustomed to put all theoretical con- 
d osloma to the acid test of o b s e rvation, it is'surprising to find that neither 
Fobhxs nor anyone else for thirty yroara made any further experiments along 
tlds Hue. 

It would have betv i readily to compare the spectrum of the center 

with that of tho Hmh by the too of a projecting lens. Such a plan was in the 
mind of Fobbks as tho following floe. di.) shows: "Had the weather proved 
unfavorable for viewing the «Hp —s I Intended to have tried the experiment 
by farming an imago of the son by using a lens of long focus, stopping alternately 
by moans of a scree n the and central moiety of Ids ray^and restoring 

tho remainder to paraDaHsm by moans of a s ec o nd lens, then suffixing these to 
fall on tho sHt as before. The result of my experiment during the ecHpse seemed, 
however, so dodrive as to no marked change being produced at the aun'a edges 
that I have thought it mmeceaeary to ngaat it , t ^ 

The odlpso oH8j6 witneared also the observation by Baily of the "beads" 
which are interesting ocHpae phanonvma no readily vltiM e to th e nake d we. 
An excellent daKription of his observations is riven by Aobks Clebzb in hs 
1 ‘History of Astronomy during the Nineteenth Century", page 74» Bailt gave 
the correct exjdanalfon of the beads, that they are dne to irredfothm or the 
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spreading of Hght from a fine paint Into a larger dido of light BJuly's beads, 
however, hod bean observed a half century aorta 1 os the product of the first 
American ecUpee expedition, one sent oat from Harvard College to obnrve the 
ecUpre of October 27. 1780. 

The methods of- a s lm p h y kal ohaervitJan pat Into effect at the eclipse 
of I 836 paved the way far the greater triumphs at the next eefipae observed, 
that of July 8, 1843. The eclipse track creased Southern Europe and into 
its path ware collected the foremost a str onomers of England, Prance, Gtr> 
many and ft™— who appeared entirely Unprepared for the startling pheno¬ 
mena that met th»1r gsse. Baily gives s very complete account in the Monthly 
Notices R A S 15, p. 4 (1846). He describes the beads, the corona, tho 
"protubaances'' and Asaco describes also the effect of tho eclipse on people 
pnd animals. 

The astronomers had not recovered from their surprise at this ocUpse 
o ccasioned by corona and prominences before Schwahk published in 1843 
discovery of tho periodicity of son-spots. The remit was an unprecedented 
increase of i nt ere st in the physical constitution of the son. The young science 
of astrophysics had now grown oat of the infant stage and was a lusty and 
vigorous and straggling yonthl 

Many and carious, however, were the lessons brought forward to explain 
the nature of the prominences. Mft astranomeiB believed that diffraction round 
the edge of the ™wi wo in same minwir responsible far these ocllpao envelopes. 
A century esita Hallsy* had had such a carious notion conaming prominences 
that It should be classed along with William Hebsghxl's strange belief that 
the Interior of the son wo cool and habitable. Hallxy thought that the appear¬ 
ances an the eotem and w ester n edges of the sun at a total eclipse might reason¬ 
ably .be expected to be different, far the reason that “the eastern fimb of tho 
moan had been exposed to the son’s rays for a fortnight, and o a consequence 
it would be natural to expect that the heated lunar atmosphere might 
exert some absorbing effect an the solar rays, whOe on the contrary the western 
edge of the moon being in riaflpw and cold for two weeks could exhibit no 
absorb in g action/ 1 

4. Eclipses from 1800 to 1874. The interest awakened in physical obaurva- 
tfons of the sun had so great that eStronomsis were determined to tako 

advantage of every opportunity for lucres sing their knowledge, and benco oroso 
the detenu in arirr, which has amthmed to the present day, of sending out 
eclipse expeditions, no matter how short was the duration of totality nor how 
great distances of travel became neoemsiy. 

The eclipse of July 28 , 1851, was visible in Norway and Sweden. English 
astronomy alone was represented at the eclipse by the Astronomer Rojful Aery, 
by Hied, Dawks, CAs raro T Oi r, Sixphsmie, Gbay, Lasbku. and Williams. 
Although Fayx # still asserted with vehemence that the prominences were merely 
optical fflmdmi or "mirages produced the moon ’s surface”., the gaunral 
conse ns u s of opinion was that they book their origin in the win, To the mat 
af these scariet fismea Anrr gave the name sierra. 

The geKpap of 1051 is flwwwM* far the achievement of tho first pho to" 
graphs of the nrftpsnri son, Busch Obtaining same feeble impressions by the 
dsgnerrotype p ro e m Attempts at photography were mode at the edipso of 
1842 using ionised paper, but with no results. 

1 Mwi Amwld Amd of Arts and flohnoa 1 , p.84 (1783). 

■ FbflTkasa S9, P.S48 (171S). 

■ MemRAS 2i, p. 5 ( 1853 ). 
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Photography scored Its first substantial success In Ha portrayal of jranin- 
oncos at an eclipse of July 18, i860 which «u observed in America, Spain and 
Northern Africa. On account of the fact that the prominence* were red in color 
it had boon feared that it would be impomlble to photograph thorn, far the 
ordinary photographic plates are insensitive to red light and far that reason 
aro developed under ruby light. At the i860 eclipse, WAm* ns la Rux naed 
tho heliograph from Kew, enlarging the image b efore it reached tire photo¬ 
graphic pinto while Father Swmrr employed a sk-inch refractor without enlarge¬ 
ment. Photographs of both obaetveia were successful. me la Ru* was near 
the Atlantic in Spain while Seccei was on the M wiHw ranwi Coast, six infante s 
of elapsed time bring necereary far the moan's shadow to travel from one station 
to the other. Tho enn e farien s from the i860 eclipse were: (1) The prandnencas 
are rich in actinic p om * (known now to bo chiefly due to tho S and K light of 
calcium). (2) As the moan p*—«d in front of the son it progmslvrfy covered 
and uncovered the prominences, tluseby completely dm nfiisi rating that thrir 
origin is strictly solar. (3) During the six mlnnfos of elapred time, c h s n g r s wm 
ootod in some prominences but no variations in others. (4) The source of the 
zed completely ‘Jiriwa the sun. This is the sierra of Airy, but later 

cnUod tho chromosphere by Locxykb. 

The success attending the «Up«e of i860 came almost at the same time 
with the unraveling of the *wi gma of the spectrum through the -puhUaiioa by 
Kischhoff of the laws undedying spectrum analysis. Afttr two centmiea of 
pninstaking prugi ea, at timw slow and halting, the crudal experiments had 
bom performed with tiw result that the action of the sp e c troscope was st last 
understood «id an adequate explanation was forthcoming far the ca us e of the 
dark lines in the solar spectrum. 

Hm work of if 1 in ami s s in ram noting the nmirekm of light with absorption 
furnished the means of determining ti* physical amsUluti m af the sun. Accord- 
ing to nnsait ideas, the photosphere of the urn, the partial af the son we see, 
omelets of mvW sprii irigrfx pressures that the mrilncnl c s ca nnot vihrmte 
Indnpendcntiy, and os a consequence the spectrum of the photosphere most be 
continuous, a ribbon of light without breaks from red to violet. The photo - 
sphere is surrounded by tho chromosphere and the corona, both rf rach coMjsfr 
of gnaes at cooler temperatnres and Iowa prereares than are faend in the photo- 



a frmn the chronxiphere; it is but the lowest and, densest 


nut of the chranospxn, tuar wmen am ui «« -- 

tmkoa riaco moat of the ahaorption canring the dark Fhaushoto Hool ■ 

If thTspectrum of the giaes fanning the chromosphere could be ex amined 
entirety no^tod ftum the hotter and brighter 


SUES ^* 

without an oollpre, the Hght from the Aotcwpbere djbMiftn^hJhe cooler 
gam of the chramspbere, certain wawfa ngtire t re abiririje^hytoe p*> of 
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up, which is possible only 
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■pectram of cbramoepluro jrazdnencea most consist of bright lines on & 
dark bac kgroun d. 

From Khchhotf'b Bum to the jo ea cal the ™ nat Important results from 
echpes "work have came from the use of the spectroscope. How wonderful it 
must have hwi to have been an astronomer, physicist or chemist daring the 
early days of spectrum analysis when almost every observation meant, a new 
discovery I "With Ktbchhqjt's laws as a bads, it wss not difficult far the adentfat 
of that day to predict what the spectrum of the prominences would be when 
the next total ectipae to reveal them. The eclipse of i860 had definitely 
proven fhw» jr n minmrM wm solar in their origin. On account of the 
very great Hlffu M M iro fn color between the |"»»iiwnw and the sun as a whole 
it appeared probable that the prominences were not photospheric material shot 
up by explosions in the sun to great above the sun's surface. The prom¬ 

inences, therefore, would probably not exhibit the ravened many-Jined Fbauif- 
Hona spe ctrum of the sun. Manifestly , since all of the gams farming the atm 
did not part in the solar outburst, the prominences probably consisted of 
a few gases only; p e rhap s one of the ehfef constituents was the tightest of the 
known gust, hydrogen, whoae visible spectrum, ascertained from stellar in¬ 
vestigations, cnnslst ed of a strong H"* in fha zed, another in the blue, a 
series of Hw rmdng dom and closer together as the v iole t «nd of the ■pw i m m 
was approached. The rod tine of hy d r og en indeed seemed to give a color not 
differing materially from the red color of the pmnlnenc ea. If therefore the 
prumineDcea were actually outbursts of hydrogen gsa heated to great tempara- 
turea in the solar furnace, the ectipae a p e ctmm would be vastly different from 
the ordinary snler s p ec trum . 

It appeared, therefore, that the prominence ■pf * in all probability 
would consist mainly erf a few bright tines, the red and the bine of hydrogen, 
the C and F tinea of Fhauubovxb, and possibly a few members of the hydrogen 
aeries. But nnfta innately, there was no total OcHpee an which to test than 
theoretical canchnfaDs mitil that at August 18, 1868; and to make matters 
wane the was visible .only in far-off TtvHq, die Malay peninaula and 

Siam. The distances were great, the time fur ofaaervmtkxi brief, but tho problem a 
were important. Accordingly several expeditions, two British, two French, ano 
German and one Spardah wore found in the ectipae track. The greatest anrrraa 
was achieved by Jaxhkx. The slit of his spectroscope directed to the edge of 
the aun revealed the spectrum of the pr ruh mnrn, As hnH been thought, tho 
spectrum consisted of bright tinea, the moat p ro min ent of which w uio tbroo 
tines, one in the red, cue in the yellow and one in the blue. The red nr»d blno 
tinea certainly belonged to hydrogen, but whence the lino in tho yellow? . 
In co l o r it seemed to match the D-tines of sod ium , ever p r aont in laboratory 
exptrimenta, but why ahould the gas sodium with its comparatively heav y 
weight be found in the prominences where only tight pi— were expected? 
Further rranarrhaa aora revealed that the yellow lme was not dne to aodiuxQ but 
to an unknown gas called haHnm on account of its wtfr origin, Tima the fimt 
fruit* of eclipse spe ctro s cop y was the discovery of a new chqmkal el emen t. 

The early hi s tor y of astropfayrica shows very clearly what has been revealed 
many a time in other branches of science, namely, that of the many fai v eati g aixaa 
working along parallel paths towards the aeme goal, it has mzmined for one 
fortunate individual to make the cri t ic al e xperim ent or secure the necessary 
observ ation and thus arrive first at the destination towards vthkh aU sue 
striving. The prominence tinea were so hriltiant that jAaaan tried to find 
them again after the ectipae waa over—and dfacov er e d them readily enough. 
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Similar Idea* hod occurred to other worsen with spectroeoopes, notably to 
Hooqdtb and Locxykb in Kngianri. Without having been at the eclipse, the 
lnttar independently disco mod the spectrum of the prominences cm October 20, 
1868. Locxm cammuntcatnd hie results to the French Academy, and without 
having hoard of the wart of the Englishman, Jaxbbkm sent to Paris the repeat 
of tho work he had done both at the ecttpre and afte r w ards. By a strange co¬ 
incidence, the papers from both investlgaton were read at the same sitting of 
the Academy, in honor of which notable event a medal was struck betring the 
llkenca of both Locxm and Jambhe*. 

A strange thing happened: with the discovery of rim nature of pnairfnences, 
then objects ceased to be phenomena confined only to erllpans. This was a 
happy and moat fortunate result, for the astronomer was thus freed from the 
noceealty of o bs erv ing proenfamneoa dari ng the all too brief moments of a total 
ff jfpwn and be could t h ere fo r e devote Ms wnweg ies to other features observable 
only during the fle e t ing mom e nt a of totality! 

Hie next octtpoe was that of August 7,1069, virible in America from Alaska 
to North CflmHna- On account of the importance of the observ at ion s, rim United 
Staten G ove rnm ent made a large a p p ^ ipr i irinii. Astnammea in great numbers 
gathered in the oclipae truck and they were fortunately greeted by dear aides. 
Sttcccnsful photographs of the corona were sec u red by a number of observers. 
The most important spectroscopic work was the investigation of rim spectrum 
of tho and the disco wav of an line in rim green part of the 

cortmil spe ctru m. Tide green line was fable in Intensity but it was detected 
independently by both Haukkxsb and Touxo, the latter identifying its po s ition 
with tho lino numbered 1474 cm KncHHorr's scale. But the fine 1474 is doe 
tn iron, and so it was surprising and pwplexing in the highest degree to find a 
singles lino, out of the thousands contained in fim spectrum of iron, p casat In 
tho coronal spectrum and reaching such great heights above the suns rorface. 
In apito of tho apparent coincidence, it was evident that the su b s t a n ce causing 
tho groan coronal line could not be doe to faun. To the unkn own gas the nam e 
ooronium was given. Today after more than a half century of ecUpes invwtig- 
pHrww and with the marvellous achievements of modern astroftoydea to hand , 
vru know pitifully little of coradum. Additional brl^it Unas have been dhcovmsd 
in the creuna end .wave-lengths have been derived but with an accu racy tha t 
lit not vary great,—and with this roosgre information our knowledge of aaantnm 

practically ondsl t 

Tho oclhme of the following year, December 22,1870, was visi ble in Spain , 
Northern Africa. Sidty, Grcoce and Turkey. The United States gownmmt 
appropriated 129000 wr ocHpee expeditions, and the BrftlA guvrjrnmrt £W00 
and akhteT The weather was not very kind and doods spo£*d mmy csnrfufly 
prepared plans. Locxm met sUpwreck and douds but 
by mm brkf gBmpss of tim corona lasting am and a half sec cndsl Aftertm 
great triumphs with the spectroscope at the eclipee of two jot b^ce, Jaaara 

bnkngamd dty ta» tafloon, bat Hi eftert, ™ a! no »t«I 1 on icconnt at the 

1 wooHta 

in 4 Rvn? The most coosdcooui work was that of Youxo in the obsovatian. 
S &.Up^rTSng te thethroryd Kram^rim^^ 
of the photosphere would be antfrniOT and without any dark fanei were it not 
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lor the overiying solar atmosphere. Here In the so-called reversing layer, 
the gases are at a lower temperature in the photosphere. On account of 
these coder conditions, absorption takes place with the formation of dark linen 
an a bright background. As already explained. If the photosphere could bo 
removed, then the gases farming the rev er sin g layer, an account of thedr high 
temperature, would give a serin of bright Hnra ah a dark background end would 
form a revereal of the Fsaumhotxr spectrum. 

To describe the flash spectrum aa It appeared at the eclipse of 1870, ana 
cannot do bett e r than to quote hum the words uf the discoverer 1 : "The ob¬ 
servation is pnwribln only under peculiar dronmetanon. At a total edlpso of 
the sun, at the moment when the advancing moon has jnat covered the sun's 
disc, the solar atmosphere of comae projects somewhat at tho point whore tho 
last ray of sunlight has disappeared. If tho spectroscope bo them adjusted with 
its sHt tangent to the eon's image at the point of contact, the most boantifnl 
phenomenon is seen. Aa the moon advances, making narrower and narrower 
the remaining tickle of the ndnr disk, the dark lines of the spectrum for the 
mm* part r un ™ fa sensibly unchanged, thoug h Swimming somewhat mere infamy, 
A few, howe v er, begin to fade out, and smnw erven tom palhty bright a minute 
or two before totality begins. But die moment the eon is hidden, through tho 
whole length of the sp e ctru m, in the red, the green, the violet, tho bright lines 
flash oat by I mmi i ffj s and tho un d a, startlingly; aa sudden ly os stare 

bom a bursting rockerthead, and' as evanescent, far the whole thing is over in 
two or three sec on ds The layer v"i»« to be only urmmflitng mnW ■. fhonimrui 
miles in fhtnkiw, and the moon’s motion covers It very quickly.'* 

"The phenomenon, though looked lor at the first ecUpeae after solar spectro¬ 
scopy began to be a adeoce, waa mimed in 1868 and 1869, aathe roquUto adjust- 
monte are delicate, and was first actually obawed only in 1870." 

The bright fines were so numerous that the i mp r u mlon waa gained that 
every one of the thousands of Fbauithors fines was reversed from dork to 
bright, wfaflo the " phenomen on was so sodden, so tmarpectod, and so woodnr- 
fally beautiful as to farce an involuntary exriamation' r> . The flash spec trum 
waa also observed at the eefipse of 1870 by Pyx, a member erf Youxg's party. 
Theaamo phencmenon was witnesmd at tho eefipae of December 12, 1871 by 
Lockyzb, Hp m ch kl, Mactjcax and Fvua, the eefipse being total in India, 
Ceykm and Northern Australia (where clouds i nte r fer ed). The flash apoc tn un 
was aim observed at the annular eclipse of June 6, 1872, by Pooeozr in India, 
end at the total odipse OfApril 16, 1874, by Stomx in South Africa. 

Thus the first fruits of the aped roscppe w h en applied to ecflpeee worn tho 
discovery of hnfium and coraninm and the observation of the s pectr u m of tiro 
chromosphere. By thk means It wm proven beyond tMt hnfh p ronHimnwn 
and dmxnosphse were solsr in their origin and Ukewfae the Bofaro 

proceeding further with the history of ocfipeee it will be well to pass in brief 
review some of the mare important labor ator y lnvedjgatiam had been 
accomplished fallowing the publication of Kntcuuurx'B laws. 

One of the m ost mdnf s iigfb ia wuckere in spectroscopy a half century ago 
was Nokham Lockyxr. Kikhtotit hod beUevud that the spectral fines of 
any d ement Uke sodinm were characteristic, or in other words, tho auno 
dffnwi t gave always the same fines and same wave-lengths no matter how the 
dement was va porised . Logxykr was the first to paint dot that ver y great 
change* take place in the character of the spectra w hen hi gher >n ^ still hi gher 

1 Yowo, Tbs Sun, p. 83. (Ftarth Sdttka, j|ati. 

■ MnsITAS 4i, p,435 (l«79). 
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tcmparatunffl aro employed. Take the element calrinm, for Instance. With a 
Buhheh flanw and wmflll dlspenkm, tho drinf ffnw of mlHq m j§ in tbs zed. At 
the higher temperature of tho electric are, the strongest Hue in the calcium 
spectrum is in the bine, at wave-length 4227 A, The red Hnc la also visible and 
also two Hues in tho violet, the S and K Unas of the solar spectrum. If the 
temperature bo still farther increased by using the spark in place of the arc, 
the two violet lines have their Intensities greatly increased and become much 
strongs than the bine line while that in the red practkadly dfanppcazm. Similar 
changes in rdatlvo intensities of tho lines of the spectrum wise found by Locxyxh 
in TnwgiyhiTfi j lithium, iron and other elements; and there pmAiiJiiM have 
been abundantly verified by all obrervezs since his time. 

Other difficulties prerented tbemaotas which demonstrated that spectra 
were not so simple in structure and with such elemental characteristics as Kthch- 
hovt had supposed to asist. When the spectra, of different elements were cam- 
pared it was found that some of tho wave-kmgths from one element appeared 
identical with there derived from another. It vu soon dhcovmd that some of 
then common linos were doe to common impurities; but when these wore 
eliminated fr om consideration, it was evident mat there were still many lines 
apparently common to two or more elements. It was consequently manifest 
that tho idimtificatian of Hnc* in tho solar spectrum was not the simple operation 
that Kischeovp had supposed it to be. Locxyxh was therrfore forced to con¬ 
clude 1 that “the more observations were accumulated the more the spectro¬ 
scopic difficulties increased". 

To solve some of these difficulties, Locxyxh applied himself in the labor¬ 
atory with great energy, investigating the spectra at marry of the elements by 
his well-known method of long and short lines. If an electric sic is arranged 
hnrison tally and its image is projected an the vertical slit of a s p ectros c ope. It 
is socn at once that the lengths of the lines of the a pe ctium examined differ 
greatly. Since the core of tho vapor between the two carbon polea must bo 
modi hotter than on the outside edges, it was evident to Locxyxh that the 
short lines of the spectrum wore high-temperature lines viable only at the 
hottest porta of tho arc, that of the are, while the long lines were those that 
could exist at different temperatures, even at the lower te mper a tur es of the 
outside surfaces of tho arc. This method thus appeared to give a simple and 
a ready means of separating the high-temperature lines, which were compar¬ 
atively few in number, from the balance of the Jlnea of the spectrum. 

Locxyxh was tho first to draw attention to the importance of temperature 
in tho explanation of stellar spoctra, and he was also the first to arrange the 
stars in a temperature sequence with the lowest temperatures in the red stare, * 
now known as dare M, and with higher and still higher temperatures u the 
yolfew, white and bluo-whito stages of the stars were reached. Astro phy sics is 
under a great debt to-L ocxyxh for the careful observations carried out and for 
the many narajlnut theories propounded by him. LogkYkh also noted that an 
the stare changed thdr color Iran red to white with advancing t empe rature the 
stellar spoctra exhibited fewer and fewer Hues, and when the highest temp eratures 
wore reached in the white stars, the spectra showed mainly the fines of hydrogen, 

* the lightest of the gam. To those observed facts, Locxyxh brought 

forward his dissociation theory in virtue of which the chemical elements 
were supposed to bo continually broken up into-daunts lore indlore complex 
in structure and jnrMHHng simpler and still simpler types of spectra, as higher 


* Tho Otomtatry of ttw San* p. 176 (1887). 
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and higher temperatures wan reached. As the white otaze ore those of hlgluxt 
temperatures and as these atazs show practically nothing bat the spectrum of 
hydrogen, the element af mllest atomic weight, It appeared to him evident that 
hydrogen vu the primordial element since It exhibited the shnpleat spectrum. 
LocETxtf a experimental work thus seemed to confirm the wut-known hypo¬ 
thesis of Pbout, pro p o un ded as far beck aa 1815. that hydrogen was the siraplret 
element and that all others were formed from it 

In attempting to explain by means of bla diaodation theory the phenomena 
af the «nlT atmaiphere as revealed by eclipeea, Locxtxr was farced to makB 
remarkable raairJnrimM. He eeaomed 1 "that in the revtrring layers of the sun 
and stars various degrees of chemical dissociation are at work, which 
tti—nriartnn prevents the fwnl n j fayfl up of the afown* ^iich, at the temper¬ 
ature of the earth and at all artificial tanperaturei attained hens, c omp oee the 
nurfala , the nwfailnLfa and the compounds". In conaequenco of file great boat 
of ie son, there ware grave doubts by Logktxr whether the chemtonl 

elements which are known from laboratory experiments could at all exist in 
the son except In the coaler parts of its atmosphere. It was imagined by him 
the adir atmosphere af snccerelve layers, ‘ Tike th* gkfaa of an 

cation", the layers next the am obviously being the hottest Hie constitution 
of the hmuTTTwt layers, there closest to the photosphere, could fiuaefuie result 
only from "thorn ccnsti tn ents of the elementary bodios which can resist the 
greats heat of there Rgboi". According to Lockyxk'b hypotheds the whole 
of the solar atmosphere h ef fectiv e in jXDdndng the absorption msnifiwtod by 
the FRaumhokr Hues; moreover, this hypothesis rinmanrW a gradual decrease 
in tem perature and density of the (pare of the aobr atmosphere, which was 
supposed to extend out to the extreme Unfits of the corona. Youxo's obser¬ 
vations of the fiash apec trum in 1B7D showed that the ravening layer was 
relatively vsy shallow, but tiris mndnrinn was utterl y at variance with 
Locktsk 1 ! hypothesis. According to Logktxr, inch a shallow layer dose to 
the am could enndat only of the most elemental substances and therefore could 
not paadhty give a reversal of the Fraumhdvxr sp e ctrum . Locktsx's theory 
refused to admit the existence of a shallow reverting layer of a few hundred 
rnfias aspirate from file superincumbent strata. In other words, thiaro could bo 
no diviui possible into levelling layer, chromosphere and corona; thawn wore 
bat diffaicnt manifestetiana of the solar atmosphere, the «*?*•""* being regarded 
ai file outermost and cooler parts of an atmosphere having a compodto 
and obeying the laws of gravitation. In the opinion of Logktxr, "tho whole 
phenomena, of the corona may be defined in two words, oool prominences". 

Although Logktxr had himenlf observed the ap e ctr um at tho echpoo 
of 1871, yet so firmly did he believe in hk dfesodafion theory that he was fbrcod 
to doubt, and then actually to deny the mri gtanr* of the Shallow raven i ng layer. 

In "The fhembtry af the Sun* 1 , p. y6n we read, thu flashing out of ihy— "ba* jwm 
called the reversing layer, but I do not now (1881) believe that it is the revere- , 
tag lever far a moment far, when it comes to be esnnrined, we shall probably 
find that scarcely any of the Frauxhdtkr lines owe their origin to it, and we . 
dial! have a spall uiu which is not a co unte r par t of the wiinf apectrum". 

The aohition of the qoe stkgi marfifastiy could not be ■ffarte n hy"theoretical 
consideration^ nor yet visually during tho brief *»rdfrwd seconds available at b. * 
total edtpse fra- obmrvatkm erf the flash spectrum. The lnteqaetation by ana 
astronomer af what was obrerved should be entitled to es wmrfi weight as the. • 

1 Urn CbnWzy of the Sun, p. 20i (1887). 
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motoor uid cometary orbit* was corroborated in 1872 whoa it was found tin 
tbo Andromodldm, or Bldlda u they ore now eaOod, hod tbo some path oboe 
the ran as the loot Bxxla comet, Tbo importance of meteor* in any coamla 
procoBB wa* thua realised, and it was bat natural that attempts should b 
made to solvo the coronal panic by moans of the meteoric hypothesis, — be 
as we shall ne later, with little success, H. A. Newton and Cleveland Abb 
in America and Locxyer in England pinned most faith to tbo motoorlc to 
piaxuLtkms. 

Tbo ocUpao problems confronting the aetronocnani of a half contrary a% 
seamed almost ineuperablo, Each new method of attack pat to tha tost as cdlpi 
succeeded edipao sooraod only to complicate matter* and to shove the ultima! 
solution farther and a till farther off. If sdontlata wore splnokas lndlvidnols the 
would have given op in despair, bat the difficulties of the problems served on) 
to make the astronomer* more and more determined to win oat in tbo fight r 
matter what the coat. Beginning with the odlpee of 1878 and continuing nnt 
the prerant day, we witness a grim determination to ofaaavo oach and cvm 
eclipse, no matter how far the eclipse track may bo from homo end no mutt 
what expenditure of time and energy and money may be necessary far tl 
undertaking. Instrumental equipment must bo improved, oxparlsuco gain 
and pat into practice and technique bettered, and .permanent records of ti 
fleeting phenomenon of ecHpras must be secured by the help of the photograph 
plate. 

ft. Ecllpaes from 1878 to 1000. The total ocUpao of July 28, 1878 w 
observed under good atmospheric conditions across tbo United Status fro 
Wyoming to Thus. Here was on op p or t unity to aoo whether thorn was ai 
connection between ocltpee phenomena and tho sun-spot peribd, for Wou 
sun-spot number for July 1878 was 0,1, representing a minimum of spots, wh 
the number for December, 1870 was 135,4, a tlmo of maximum of spot*. Ev 
since tho discovery of the son-spot ptrlod in 184} and tho finding that tbo aartl 
m a gneti sm poamod the some period, hs trammers had boon oagor to oscorta 
whether other solar pheruxoana poneraed the same period. Already it h 
been found that prominences and famine wens mens numerous when stx 
were great in number, and it was quite possible that tbo coronal streamer* mig 
be shot out with greater energy when spot* were at a maximum. 

A change immediately noted In the corona of 1878 was that thorn was 
enamxma decream in total lustre, when compared with tho coronas of 18 
and 1871, Hasxjtos estimating the luminosity to bo ouly ono-mvunth of t 
corona of 1870, while Loceyxk regarded 1878 to be ono-tenth of tho brightu 
of the 1871 oclipoe. The decream in brilliancy was accompanied by a remarks] 
and un e x p ec te d changes in shape. To jAatev in 1871, tho don moon look 
like die center of a pant dahlia, the co rona being nearly circular in on til] 
In 1878, the streamers along the son’s axis were much shorter In length t 
much mare pronounced in character, then polar ray* resembling mare th 
anything else the Hues of force around a magnet But the most 'astound] 
phenomenon was the enormous extent of the streamer* along tho m 

equator. Lakgixy 1 in the pure, rare air of Pike’s Peak, Colorado, at an altitr 
of 14400 feet, fallowed then streamers to six dlamotars of tho moon on c 
ride, bat on the other ride where he had been more intently watching, to ■ 
colorasl length of twelve diameter*, or mare then ten millions of miles I Th 
equatorial extenriara were ct mikiii adly&iaraMwwcriini in Swpi'npfint^ Wyrm^ 


1 Tho New Ast ron omy, p. 35. 
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by Cleveland Abes farther down the slope of Pike's Peak, and by almost avay 
astronomer who witnoreed the eclipse. Toe posterities surrounding the «™ 
wore accordingly mnltlpUod manyfold, loir bow could a solar atmosphere 
obeying gravity exist at the huge dintanen of ton million miles from the urn’s 
surface? Youno and Abhe aaw long faint beams shining along the son's axis. 

Remarkable aa wore tho visual phenomena manifested, their testimony 
was no whit stranger than the revelations by means of the spec tro scope. lhe 
hydrogen and groan caranium em taring lines ware visible, bat with inch vastly 
diminished intensities compared with the ectipre of 1871 that mast observers 
completely mimed seeing thorn. They were, however, vhrihlo to Young, East- 
van, and aomo others. If tho rrmintim lines were weak, the Fraunhofer lines 
of the corona ware comparatively strong, showing that tho reflected light near 
the son's limb was relatively stronger than in 1871, a fact confirmed by ob¬ 
servations with the polariscqpe. 

The ectipre of 1878 showed kng equatorial wings of tho corona, strong 
polar brushes, faint incandescent light of cnronlnm and hydrogen, and light 
reflected strongly from matreiel particles near the ann'a Hmb. Were each of 
these four apodal features unalterably connected with the condition of the 
sun-spot minimum, or did they happen ramly by chance? Time ah™ could 
famish tho answer. Great jsu grass was made at this eclipse In the photography 
of the corona, particularly by the use of portrait lenses which wee socarefol 
in portraying a mass of detail In tho inner and brighter co ron a, but fa fled to 
show tho on tor streams*. Photographs of them faint extensions must needs 
wait until somo dato in the future when plates of greater renritivlty could be 
produced. 

Another Important observation at the eclipse of 1878 was the discovery (?) 
of two bright star-tike objects by two American astronomers, Swift and Waibon. 
Tho objects could not bo Identified with any of the fixed stars, and It was there¬ 
fore nocareorUy Aimed that they were «nnfl planets moving about the sun 
inside of the orbit of Mercnry. The reputations of three two astronomers for 
careful observing wire so great that It cost tho stance of astronomy a quarter 
of a century of odipae obmrvatlons haforo it was finally derided that no intra- 
Ksreurlal planets exist ss large tr as bright aa tho objocts supposed to have 
|wm un, 

Tho next odipno to bo observed was that of May 17.1882, the fore-runner 
in tho Same of tho eclipse of May 28,1900. The 1882 ecllpee was seen In Egypt 
with a brief duration of totality amounting to seven ty-fbur seconds. TUs ecUpeo 
Is memorable an account of mo bright comet that was seen and photographed 
noar tho ran, the qomot not being observed either before or after the ccopeo. 
Tho pliotographlc platre bad now bocome mare rapid, the dry plate having 
boon Invun tod, and accordingly the astronomers had to their hands better fariHHfi 
for attacking the corona with camera and noctroscopo. Eleven yens having 
daneod sinco 1871, tho year 1882 was ono of maximum sun-spots, there being 
no ires then twenty-three separate spots on the faco of tho son cm the day befree 
tho ocUpao. The form of tho corona In no way reeomhlod that of the minimum 
of 1878 but bore a striking resemblance to the s own of glory of 1871. the shape 
w^f^y Fnrjangnlf j rr mem rinr-llfc^ and the leag equatorial gatanriuiu 
and strong polar brashes being entirely lacking. The spectroscope also revealed 
vast differences from the ecllpee of 1878. Hie corona as a whole was mere 
hrilHant than that of tho preceding octipoe^ and the anrirekm tinea of the spectrum 
wore obtained both by a slit spectroscope and by the p risma tic camera. With 
the farmer instrument, Schuster photographed about thirty tinea In the spec¬ 
if 
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• tram of tbo conma. Many new spectral lines were visible in the red and violet 

to Tacchixi and Thollom respectively. These fines were aeon and photographed 
during the progress of totality, and not near the beginning or md of the total 
phase. Apparently the fines did not seem to belong to the flash spectrum and 
moat surely have their origin In tho true corana. But for the first time a snspldan 
seems to have been arouaed that the fines might aftxx all be duo to jmminonaa 
and chromosphere and not to the true corona, for Schustsk observed tho H 
and K Urn of caldnm to appear bright even souse the face of tho dark moon 
where no light at all was supposed to exist I Evidently tho chromoepharic fight 
was reflected by some atmosphere directly in line with tbo center of the 'dark 
moon, v in the atmosphere of 'the earth. The first condition could hardly bo 
possible and that left no contingency other than the second. Schubtxh’b ob- 
servatitxi was not the first to reveal tright finee cm- the dark face of the moon 
because as early as 1870 Youmo had perceived bright hydrogen fines. 

If the fines of emisainn wwe stronger in 1883 than in 1878, it was not ao 
with the dark Fhauxhofkb lines. The spectroscope revealed tho candimoiis 
spec tnn n in the farightw inner corona, but farthc from the sun tho dark Unos 
doe to reflected photosphoic fight were observed both visually and in tho photo¬ 
graphs, but these fines were not ao strong as in 1878. Son-spot maximum appoorod 
therdnre to correspond to a itar-fike conma, with no polar brushes, strong 
corarfaun and other bright coronal fines, but with tho Fkauhhowi lines to- 
trinsicafiy weaker than at sun-spot minimum. 

The direct photographs of the corona by S cH Og ra ware in better AifiniHan 
and ihowed more details than those of jxevkms eclipses. In fact, tho imjxeadona 
. made on the plates were so strong that Dr. Huoanra obtained tbo tong that It 

1 1 might evtm be po s rih l e to photograph the corona without an eclipse. For ob- 

■ serving p ro ininftire a withont winrig fnr an wrHpaw, iye ct rn«w peTyid a^Wldy 

been utfbgid to get rid of the glare of the sunlight in our own atmosphoro. ft 
is not pnwible to make use of the spectroscope in the same Tnamw fnr obtaining 
1 -j corunsl photographs, for the shnple reason that the bright-fine radiations of 

\ consiiiini ere not sufficiently strong in charsets to the cnnM h i m fight 

' to shine in contrast with the enfeebled solar glare. Many attempts to photo- 

y graph the ctrtxia in full sunlight have been imde by a variety of diffonsit methods 

jU Ta s tin g over a n umber of years, toe astroDomen being urged on by groat hopes 

since the first trial photographs —■itmH to predict socaao. 

The next eclipse was that of May 6, 1883, whose track lay almost entirely 
tons the waters of the Pacific Ocean, but fortunately in tho pntb toons was 
a small coral reef, only seven miles long, nH unknown ton yean previously. 
The impotence of the discowies of 1882 and the fact that tho of the 

year 1883 was of the very long duration of more than five minutes, attra c ted 
to Caroline Idsnd astronomers from America, Franca, Austria 

Italy. The great risks taken by eclipse expeditions fn the tropics of being o ver - 
taken by clouds was shown to this eclipse, but for tunately a dnar spell between 
two pgiods of doodi was me iasced. The general features of the corana greatly 
resembled that of the year before, the sun continuing to show many spots. 
Owing to the long exposures pomflrie, phntng rapha of the ora-ntm were 

securai, and for the first time in the history of crtipaca. greater extensions of 
■tre sm era wore photogra p hed thsn were visible to the eye. 

Tha most Important obowatiaus were unqnestlanihly by means of the 
spectroscope. Up to this time, all obmrvatians durfaw totality had drown a 
cuuUuiioua s p ed n i m of the cunaia dose to the sun, and forthv oat faint Fiamt- 
fines, with the bright green fine of cnrnniinu enwmli ig the whole. Accord* 
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big to tho dlseodatkm theory of Locxysb, neither continuous spectrum nor 
dark linn amid exist there, and "If these statements regarding the ccxona won 
strictly accurate my hypothesis whs worthless” 1 . Hence, a careful search was 
mode by Janbbut for Fraumhors Unas. They m found by him In great 
mnnbars, thus confirming the observation of 1882. To make arenrance doubly 
sure, the dark spectrum lines in the corona were successfully photographed. As 
a result of these observations, Janssen* conrinded that "the basis of the coronal 
spoclmm was fanned by tho complete Fraumuujwm spectrum, and that, therefore, 
thoo exists in the corona, end shove all in certain localities of It, an enormous 
amount of reflected light; and since we know that tho coronal atmosphere is vrey 
rare, it follows that these regions must abound in cosmic matter in the state of 
■olid corpuscles, in erder to explain the abundance of reflected sunlight”. 

Spectroscopic observations of groat interest were made m the corona by 
Hastdcqs 1 . He used a 60* prism attached to a six-inch telescope, three being 
two totally reflecting pinna placed outride the slit so that the spectrum of 
two opposite sides of the sun could bo brought together and examined by com¬ 
parison. The observations were confined to the green cor unlum Hoe. At the 
beginning of totality, this line wo 12' in length and very bright an the eostren 
limb, whflo on the western limb It wo only 4' in length and comparatively faint. 
As the ccUpso advanced, the inequality vanished, at mid-totality conditions 
were equal, while at the end of totality the lines on the western Hmb were the 
longer end brighter. Such a groat change could not be explained by aiming 
that tho moan in its motion jxogrereively covered and uncovered the bright 
axonal radiations, and Bccordiogly, Hastings attempted to explain hla ob¬ 
servations an the assumption that tho outer corona has no real existence but 
that its appearance is earned by diffraction round the edge of the moon. On 
this hypothesis, the true corona is confined to a very narrow ring around the 
sun, tho light from this in oar ring of material substance being widened by 
diffraction to ferm tho outer corona which thus takes upon Itself all the appear¬ 
ances of reality. To tho astronomers who had seen the great extensions of 1878, 
It was -hard to believe that diffraction of light could adequately explain the 
detail of tho coronal streamers at tho great distance of twelve diameters from 
the son's lhnb, but It wss equally difficult to ttti dusts nd how luminescence 
could exist In a solar atmosphere at the colnwU distance of ten minion miles 
from tho sun'a surface. If the conmal light were reflected, it could not be seen 
union reflected from material particles, and if the baht were Intrinsic, how 
could It have any existence in an atmosphere so infinlterimaHy rare? The answer 
given by HAsrnvda dcnlod the solar origin of tho corona, and seemed to be a 
stop backward. Apparently there was no way out of the quandary, but to wait 
far future eclipses. 

Tho total cdlpre of August 29, 1886, was visible in the Wort Indies 4 . The 
energies of many of tho o b s erv ers were devoted to testing tho method of Hoggins 
of photographing tho corona without an ecflpre. For this jxnpore fifteen separate 
photographs ware tekan cm the day before the eclipse end a series of twenty 
during the partialpbesoa, there photographs to he compared with platea obtained 
during totality, loc emduskns were quite definite, for not a single one of the 
rwrwiwl details was foond on the plates taken outside of totality, and it reamed 
tlif ufrim necereary to deddo that it was tmpcasible to photograph the corona, 
except within the limits of a total eclipse, at least under the conditions of hssy 
iky and low son that had prevailed. 


* Lockyxb, Ch nm bl r y of tho 8sn, p. 3fi$ (1887)* 

■ CR W. P. 588 (1883). 1 MW 44, p. 181 (1884). 


* UN 47. P- 175 (1887). 






346 


Cbap. 3 . 8. A. HrrctrcLL: Belipm of tho Sn. 


dj*. J. 


Tacouni made a careful camparistm of tho prominences obeervod spectro¬ 
scopically beftre and after totality with thoao Been directly during tho total 
phase, and he concluded that all the prominences showed themselves larger and 
tnller during an ecUpse, the uppe r portions being white in color when the prom¬ 
inences expanded i* of are in height. Tho differences of apparent height may 
find a ready explanation in tbo effect of contrast with tho background, inakki 
and outside of totality, hut tho matter of the color of tlio prominences could 
not he so readily settled. For many years "white” prominences found a con¬ 
spicuous place in spectroscopic literature. Tacchdo observed the flash npoctram 
visually. Tusker attempted to observe changes in the coronal streamers 
T TiWhig currents, hut obtained no results of value. 

The scHpsn of the fallowing year, August 19* 1887 1 , was one of widespread 
dimppolntment, far the jxuj ec ls so artfully prepared ended only in failure to 
secure results, not through any fault in the plans thomsdvos but on account 
of the astruoamer'a enemy, clouds, which prevailed almost everywhere. Fine 
weather, due to holes in the cloudy sky, prevailed at sovcral of tho stations in 
Russia and Japan, however, and some photographs and observations of value 
were secured. 

The year 1889 brought two ec H pses, both extaistvoly observed 1 . Haro was 
inaugurated the splendid series of expeditions sent out from the Lick Observatory. 
The path of the ecUpse of January 1 crossed Nevada and California, and tho 
jhotagiaphers near the line of totality were so well organised fa- the work by 
Mr. CffiRU Burckhaltkr that an excellent series of photographs of the axoua 
resulted. The bat photograph secured at this eclipse, and in fact the very best 
obtained at any ecUpse to this date, was secured by Barnard. Tho equipment 
was very meager. The largest lens employed was J 1 /* inches aperture, stopped 
down to 1“/* mchea, and of 49 inches focus. Barnard's success depended on 
sn accurate adjustment of the instrument but more specially an tho skill and 
core with which the plates were deve lop ed. Barnard was a professional photo¬ 
grapher before he was sn astronomer, and ho was thoroughly familiar with tbo 
best methods of developing a plate in order to faring forth all of tho latent detail 
The edipso of December 33 of the use year was successfully photographed at 
Cayenne in the West Indies by the Lick party consisting of Burnsak and 
Sghaeherlr. The photographs showed that changes had occurred in tbo corona 
since the eclipse of the beginning of the year. Tho earlier actipso took place 
near sun-spot minimum and e xhi bi te d the equatorial extension* of the corona. 
The ecUpse of December 32 Is memorable from the death of Father Perry a 
few days after ihe ectipre, a martyr to the came of sdonco. 

The greatest su c c ess attended the observations of April 16, 1893, largely 
through the use of apparatus much more powvful than had over boon Qnqdoyud 
before at sn eclipse. Tho mart conspicuous advance «mw to tho party from 
the Lick Oboarvatary in Chile who used a camera of five inches aperture and 
forty feet focus for securing photographs of tto corona. Schashxhlb d eci ded 
to paint the objective directly at the sun and to mount It on ono flT<d pinr and 
the movable photographic plate on another, both piers to bo wholly free from 
contact with the great tube extending b e twe en lens and plate. Tho slide carry¬ 
ing the photographic plate was the only moving part, and its motion was so 
regulated by means of lnritned planes is to give it the velocity and dlrectkm 
os the sun's focal image during the ecUpse. The details of erecting this instru¬ 
ment, known OS the SCHAXHKRLX mo unting ore fo und in tho rw n trff h n tirms 

1 UN 48, p. 202 (1118). 1 MN SO. p. 219 (1890). 
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from the Lick Observatory, No. 4. A carcfnl focus was secured and boantifol 
photographs wen obtalnod showing tho pronrimsices and Inner corona with a 
definition which loft llttlo to bo desired. 

Optical power, up to then unjrocedentod, was employed 1 in tho jxismatfc 
carom designed by Lockym and used by Fowler in Wrot Africa. The camera 
hod a focal length of 7 feet 6 inches with a jrism of 4$*, giving a dlspenrion 
of about two inches from F to K. Photographs of the flash spectrum were 
second for the first time at this eclipse by Fowixe and also by Shacklrtdn 
in Brazil, with the result that tho positions of 164 chromospheric fines were 
measured b etw u an F end K. 

Dislaxdres 1 , at tho same eefipae, attempted to measure tho rate of rotation 
of the corona by obse r v in g the relative displacement of the spectra, of two regkms 
of tins corona at opposite sides of the son placed in juxtaposition. A grating 
spectroscope was used, and tho conclusion reached was that tho corona partakes 
of the general rotation of the snn. Unfortunately, there Is no justification for 
tills deduction by Dkslamdhd sines the meaanrei made by him wm on the B 
and K tiling which to tho chromosphere and not to the corona. One of 

the moat Important remits of this eclipse was that it bees me poarihle for the 
first time in eclipse spectroscopy to separate dearly tho spectrum of the corona 
from that of tho chramoaphm, and it was henceforth no longv smnrnod that 
a spectral Hue vfcdhle during totality belonged of necessity to the corona. 

The eefipae of 1896, taking place an August 9, was ofaasved by a large 
number of expeditions 1 . An English party consisting of Christi*, Trains and 
Hills went to Japan, where also was one man the Lick Olsuvatsy and another 
American expedition beaded fay Todd, and also two Japanoe parties. 

Lockykr wont in H. H. 5. Volage to Norway where a largo party of seventy- 
fivo, including officers and aailan of the ship, took care of a. large and varied 
program. In goo department of the work, for instance, in the sketching of the 
corons. a competition was started cn board ship by thirty-five volunteer aketchen, 
on artificial corona being exposed to view for 105 seconds, tho time of duration 
of totality. Sixteen who showed tho groatat proficiency were selected tor 
sketching of tho araia on eclipro day. But aims, for "tho best laid plans of 
mice and men," — tho cloods prevailed almost ev e r y w he re except where there 
was a small English party of Siam ana Shacklktom. Tho latter 

was sacccsfnl in timing his obsarvatlans with tho prismatic camera so well 
that a plmtograph of too flash spectrum was secured with better definition 
than that of tho preceding odlpse. Although the focus was still not of tho very 
bast, novurthaloss there woe shown a total of 464 Una In the spoctram between 
F and K. This photograph, taken by 000 of Logkybk*s assistants, sounded the 
death-knell of tho efiaodatton theory,—but Lockyxr still refused to be convinced 
that tho flash spectrum was a reversal of tho FRAuMBdfcKK spectrum. His aigu- 
meat wns a vary simple one, which was, that between F and K, 5694 Fbaux- 
hqtxr lines were te foliated by Rowland, while in tho eclipse spectra of 189) 
there were but 164 Hues, and In 1896 but 464 U na, co nsequentl y showi ng only 
throo and eight percent, respectively, of the Fraunhofer Una revureod in the 
flash spoctram, Locktxr however failed to draw atten tion to the fact that 
Rowland's atlas wii secured with a much greater ritopnnrirtn than that used 
at tho eclipse and with vastly superior definition. Locxyxe's c m c hn k xi 4 , as a 
remit of tho spoctra at throe two ecllpaes, was that "the chnxnoapim is a 

1 toil Tram A 185 , P* »» (W) sad Lmioa RSProo Kp.30 (1894). 

1 CH 1893 Hay 15 sad 1895 April 1. 

1 UN 57 , p. 283 (1897). . 4 Booodt sod Coming Eattpsas, p. 111 . 
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region of Ugh temperature in which there is a c omapon ding simplification of 
spectrum aa compared with the r^oW region in which the Fraunhofer ab¬ 
sorption b jrodoced". The marntr of settling the question, the way of advance¬ 
ment far future ecMpes was dearly indicated: the flash spectrum must again 
be photographed and with increased dispersion, and great care should be exnrrisod 
to see that the exposures were maria at the correct times, with as good focus 
anH definition as p as Thin 

Such photographs were secured 1 at the ectipee of January 22, 1098, visible 
in Indio, where orcdlent conditions of weather were experienced. The largest 
expedition in paint of numbers was that under the direction of Sir Norman 
Logeyxr located at Ybbdrug on the West Coast, the astronomers being undated 
by the officers and men of H. If. S. Melpomene. The program was an ex¬ 
tensive one, embracing visual and photographic observations of the corona, 
the oust important p s ub le m being a spe ct rosc op ic attack on the chromosphere 
with two large prismatic cameras of six and nine inches aperture. By there 
two instruments about sixty photographs were secured, the exposure times 
varying from 1 to 59 seami. There Included two series of ton map-shots at 
the be ginnin g and another tan at the end of totality and a number of ox p o s u r u s 
of difforont len g th f during totality. Christo and Trams, repre e au tuig tho 
British Joint Fannanent Eclipse Committee, were at Sahdol, Copkland was 
at Gogiee, Nxwall and Hills «m at Pulgaoo, Campbell of tho Lick-Crockar 
expedition was at Jeur, while at Tahd was located EvxRflHKD and also Mr. and 
M IK Maukdkr. 

The moat important jxoblem was that of the flash spectrum 1 , and fortunately, 
snccerehil photographs were secured by Fowler and Dr. Lockyxh, by Camphkll, 
by Hnis, by Niwall and by Evemhed. A dbcusrion of tho spoctra by Sir 
N. Logkyes again confirmed him 'in the opinion ho had hold since 1873, that 
many strong chromospheric lines were not represented among tho Fraunhoeer 
lines, whfle many of the dark lines found under ordinary conditions in the solar 
spectr um did not a pp ear as bright ftiyw in the ap o clmm . Ho therefore 
condnefad that the flash did not retxesent the spectrum of tho ravening layer. 
It b true that the h yd r ogen series and the helium nnes of the flash spootmm are not 
found in the Frauxhdfxr spectrum, and abo that there are peat diffonmens 
in intensity between the two sp e ctre , and in a reuse therefore ano spectrum b ’ 
not tbs exact revtnul of the other; but none the lore, it b impoadhlo to roach 
any oondmdnn other than that practically every strong dark Une in tho odor 
spectrum b p r eaun t as a bright Une in the flash spectrum. ' 

Exquisite photographs of the emuna with the 40-foot camera wore secured. 
by Campbell, while Mrs. Maukdkr with a Dallmstbr lens of only emo and a 
half tnrfw aperture photographed the bint fghwmWn of tho corona running 
out to nearly six dbmeten from the moen's Umb. Tho cotu n a of 1898 prurentod 
a mixed expect, a combination of tho polar brushes obs e rvable at sun-spot mini¬ 
mum bring combined with the quadrilateral shape of sun-spot maximum. 

One contribution of great importance was the iriwimmiTMm t of tho wave¬ 
length of the grpen cwniim Une. Far nearly thirty y ean since its di s c o v er y, 
it had been wnmed that the ««nrmtnm Una was identical in position with the 
chnsnospherie Hob at 5)16.8 A. Logrykr, Fowler, Evbrshxd and Campbell 
independently found the c o ra n i tim line to be farther to the violet, at 5)0) A. 
That the valne erf this wave-length was now found for tho first time, in spito of 
observations made at several eclipses, will show mare clearly than words can 


1 UN 59. p. afls ( 1 * 99 ). * ML Tans A 197, p. m (1901). 
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cxp roM that tho eclipse ipoctra. prior to 1898 were poor in definition and mall 
in diaponkm. 

NxwALLusedaspoctrograph with two slits with which he hoped to secure photo¬ 
graphs to tat the rotation of tho corona. Un fo rt u nately, the allta wm placed 8" 
from tho sun's limb and the coronal light vaa too feeble to impress any traca 
on the plate. Niwall obaarved the corona with a polarbcppc while Tuama 
at temp t e d to achieve almflir observations by photography. 

A new epoch of accuracy in photographing the chramoapheric sp e c trum 
having been begun in 1898. it waa but natural that every effort should bo made 
to continue tho success of tbia work in 1900. in order to secure, if posrible, still 
mater definition with larger dispmkm. The eclipse track of May 28, 1900, 
lay over the southeastern part of the United States, and after croming the At¬ 
lantic Ocean, p 1 —** over Portugal, Spain and Algeria. On account of its easy 
accessibility both to American and European astronomers, the edlpao was 
witnessed by. a greater number of obaer ver a 1 than ever before in the history of 
eclipses. Fortunately good weather waa experienced almost everywhere. The 
program waa a wide and varied one, and it will be possible here to mention only 
a few special Hnw of wmk and r ecord the names of comparatively few of the many 
o b s er vers. 

Photographs of the corona, were taken in numbers to the hundreds, or 
oven to the thouamds, by small, medium, large and huge siaod comma, the 
greatest focal length being that employed by the party tram the Smiflsnnlpn 
Institution who utilised a lens of twelve inches aperture and 1J5 feet focal length. 
The photographs on this large scale were in good definition and they showed 
a groat wealth of detail in tho inner «m«uis. Excellent photographs were seemed 
at Wadcaboro, N. C., by ProfoaMr Babvabd and lfr. Ritchey with a horizontal 
camera of 61% foot locos. Perhaps tho moot important pert of the program for 
1900 was tho spectroscopic work. In India ini 898 , the photographs of the flash 
spectrum ashihitod a wealth of detail that added greatly to om knowledge of 
solar physics. Evidently tho procedure for 1900 should be the attempt to secure 
spectre with increased dispentan so that wave-lengths copld be determined with 
greater accuracy. Both in Europe and in America 1 an extensive attack waa 
made on the flash spectrum by sfit sp ec tr os cop es, by prismatic comma and by 
gratings. As United States is the home of tho concave grating, brought to such 
perfection by the work of Rowiaxd, it was bat natural that gratings, plane and 
concave, nsod both with and without a slit, should be given a thorough trial at 
the oclipao. Among tho more powerfu l instruments brought into service were 
thrao concave gratings, each used with a slit, and two plane gratings used without 
slits. Each plana grating waa used in connection with a quarts lens, work being 
mnfinod to the blue and of the spectrum by the employment of ordinary 
photagraphio plates. The concave gratings were mounted in the Rowland 
mnntwr bw ram d Jq the laboratory in the attempt to secure sharp definition and 
large dlspandon, — bat tho dispersion was too great for the light available and 
no Hnflw were found on the photographs. Hurt obtained well-exposed plates 
with a piano grating but the focus was none too good. Better results were 
■scared by Fbobt who nsod a concave grating, objectively without tilt 

In Europe, Sir Nqbmax Logxyxr", located at Sant* Pula In Spain, carried 
out an extended scries of observations similar in scope to thoee made, at Vhdadrug 
in 1898. The nine-inch prism was combined with a camera 20 foot in focal length 
in order to sec ure a great Unear dispersion in the resulti n g photographs for the 

1 KV 61, p. 2)1 (1901). ■ Pnbl US Naval Obs. Booond Barks, 4 (190J). 

■ London R 8 Proo 68 . p. 404 (19W)! PW1 Trans A 197 , p. 1)1 (1901). 
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porpoio of mMimriTig the heights of the various layers farming tho min's chnraii 
sphere. SocceMfol photographs of the flash spectmra wore aocunxl by Fowls 
end Dr. Locetbb, and also by Dybom at Ovar, and Bverhhkd 1 at Maxone 
in Algeria. The latter atatkm was selected ao that It might bo aa near as pomlb 
to the edge of the band of totality ao that tbo photograplw of the chrnmnaphci 
might be obtained In high solar latitudes. Unfortunately, through an error j 
the Nautical Almanac, Eykjuhxd found himself just on bride, instead i 
barely inside, the path of totality. Tbo aeries of photographs obtained, bowuve 
were of fine definition and were specially valuable in affording a moans of compax 
son with photographs of the fl«h spectrum which havu usually boon take 
near the solar equator. This c om parison shows that tbo spectrum of the chrnim 
sphere la the same at the Bun's polar regions as at low latitudes, and it arnica; 
fairly certain that the flash spectrum b as constant In character as the ordinal 
FsAmmona spectru m. In this connection it should bo borne in mind thi 
Eykmhkd'b photographs showed the flash spectrum where tho moon whs pried 
ally at grazing incidence with the sun, and consequently the layer of the chronu 
sphere photographed must have been wiry dose to the odgo of tho photoaphoi 
Successful pobriacope observations were made by Tuuru, Nkwall*, an 
others. The Inner corona showed marked polarization, a result which wns dlfflcu 
to recondlo with the abmee of FSaumhqixr lines In the irpoctmm of tho cnroni 
In touting obosTvatJona were made by Abbot with the bolometer In mucsorin 
the radiation of the corona at different distances from tho son's limb. Rural! 
of great value were secured, but they showed the nocesrity of confirming thm 
by ofaasvadoQB at succeeding ecHpaina. 

6. Hrllp aaa from 1901 to 1918. In the fallowing year, on May 18, 190* 
the total ecUpae was obaarved chiefly an the west coast of Sumatra in tho Date 
East Inda, having a long duration of totality of ilx minutes. In 1900 . Bahmah 
had aecured excellent photographs of the conma with a horizontal caroura c 
61 feet focus, and he hoped In 1901 with totality four times that of tho ym 
previous to aBcure the faint outlying wxtrmalnns of tho corona, using lor tli 
purpose plates thirty. Inches square. Babxabd became a member of tho part 
from the U. S. Naval Ohaervatory 1 . Three other parties from thu United Stab 
were also In Sumatra, from the Lick Observatory, from tho Smithsonian Inst 
tutlan and from the Ifairhnsnttw Institute of Technology, Tbo distance to l 
traveled from America was great — half way round the globe — but tbo prublcn 
to be at tacked were interesting and urgent, and tho long duration of totallt 
promised succese—If only the weather would bo propitious. Nkwall of Can 
bridge was in Sawah Loento, the terminus of tho government railroad, Dyso 
in H. If. S. Pigmy was on the coast. The Dutch expedition .comditod of Julidi 
Nijlajtd and WmnEODixx and there w e re partloa from Japan and Rush 
The weather condttiana, unfortunately, were thoao usually expori meud In th 
tropics, many clouds and much rain. The main party from tho Naval Obsci 
votary at Solok nw nothing but clouds; ready all of the expeditions had done 
with which to coo tend white few ezperiencea nldaa. In aplto of tho puc 

OHiditlans much of adentlflc value was secured, Dysoh 4 , Nijlaitd and Mitchkl 
each obtained photographs of the flash spectrum. Pxrrimb of tho Lick Ot 
asrvaiary, with the 40-ioot camera painted directly at tlw son, obtained goo 
photographs of the inner corona which showed a disturbed region Immediate! 
above a sun-spot. 


1 Pbfl Trus A 301, p. 457 (1903). 

■ PnhlUSorrel Ota. Saeoad Berta. 
* PhD Timas A 306, p. 403 (1907). 


1 London H8 Proo 67, p. 346 (190OI. 
4> A»- 1. (1905). 
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Altar tlie disappointment of 19CH, the ecllpoo of 1905 whs prepared for 
with great cagarncM. The time of the year, August 30, wu wy favorable, while 
the edipao track wu placed ao that It could be conveniently readied by ob¬ 
servers, both from Europe and America. The ecHpae began In Northern rantla, 
it loft Labrndcr ahont 8 A. M. on its trip acroae the Atlantic. Shortly after noon 
the shadow cot into Spain, then an through tho Mediterranean, Northern Africa 
and Egypt, leaving tho earth 1 ! surface at sunset on the coart of the Indian Ocean. 

Spain waa choaon by the majority of astronomers, both h**™— the 
of totality waa longer with thu son higher In the sky and the premi a 

of good weather cfmdlHnmi waa hotter. Hare in a path rate hundred and 
twenty mlla In width running diagonally ocroaa the pgilnanla, hundreds of 
astronomers, American and European, were gathered. If one were to attempt 
to uuuiueiete tho odlpao problems that were attacked on the day of thp ecHpre, 
It would be n ccet ry to rocod each and ovary possible line of in vestigation 
that could find a solution daring totality, for with the great numboa of astxono* 
mere In the Add it waa certain that no single mode of attack waa overlooked. 
No single eclipse in the peat haa over attracted ao many aatronomai to its 
observation, and In the future, no eclipse within tho coming generation will 
canae such a varied aaemhlage of sdentists to come within the edlpre track. 

Tho Lick Observatory, always alert to tackle edlpee problems of vital 
Jmportanco, had three parties In the Held, one In Labrador, one in Spain and one 
In Egypt. All three partlo had omeraa of 40 rfect focus, painted directly at the 
am in order to portray tho e» nm * on tho aame scale. If the nine atmospheric 
conditions bad been met at all three stations, of dear skies and good Bering, It 
would have been pooriblo by tho comparison of photographs at different stations 
to have detoctod any changes In the corona and to have ascertained the veto- 
dtioa with which tho coronal matofals leave the no, Unfortunately, It wu 
densely cloudy in Lalndor, thin clouds woo met In Spain, while In Egypt, 
although It wu dear, tho soring wu very poor. 

Most of tho astronomical axpcditiani had their work greatly h amp ered by 
clouds but fortunately them were many parties that experienced excellmt 
atmospheric conditions, ao that as a cons e que nce of tho great numbers of astro- 
no mere in tho flckl with thdr varied programs, there reenlted a great inoeeae 
In knowiodgu of the am. The information gleaned regarding chromosphere and 
curonn will bo given In detail In tho aoheeqnent pages of this memoir. 

Tlio tmt»i ecllpu, tho faro-runner In tho Soros of tho odjpee of January 24> 
1925, wuvWhto In Rnada and Siberia an January 14*4907. Thefewaatronomen 
that mode preparations for obnrviog tho edlpae woe literally mowed under 
by a huavy hllssard, with the result that no ackmtiflc Information wu obtained. 
What a contrast In tho climatic conditions under which tills ectijae wu observed 
and that of tho fbHowfng January I The ectipeo track of January 3 , 1908, fell 
almost antiruly on tho waters of the Pacific Ocean. Fartunatriy the track crosad 
over a ■mall coral laland, Flint Island, Again tboe was Uhutrafed the great 
uncertainty of the weather in tho tropica During the pragma of the partial 
pchp fo, heavy rain wu falling end this continued n ^ rTin **' to the time of totality. 
A mlraclo happened howevor, tho rain stopped, the clouds broke away and the 
total odlpno wu observed In a dear aky with the remit that both 1 Campbell 
of the TJftir Obeervatray and Abbot made sacceufnl observations. 

The edlpae of October 10, 1912, wu obeerved by A. S. Edddigtom end 
C. Davtoob on tho coast of Brasil. It would be more correct to ay that attempts 

1 LkkBoll 5, p. 1 ud p. IS (1908). 
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were mado to observe the edlpae, for rain set in on the day before the ccHpaoand 
continued without interruption ell through the day of tho eclipse so that thu 
oxpndiHnn mi entirely unsuccessful. 

Extensive preparations were made to observe tho total octipso of Aagnat 21, 
1914) the track of which extended arrow Norway and Sweden, and acrosi Russia 
from Riga, through Minsk and Kiev, to the Crimea. In to nnmaroui 

Swedish and Randan astronomers, there were partial of observers from Argun- 
tine, England, France, Germany, Italy, Spain and the United Status. According 
to the meteorological predictions, the beat weather was to bo expected in South 
Russia, but the actual conditions were almost completely tho ruverso. Owing 
to the outbreak of the greet wsr, plena for observation wore greatly Interfered with 
while the clouds played havoc with many carefully prepared programs. The 
corona was of the "intermedia to" type, m accordance! with tho phase of the 
sun-spot period, which wni on the run from minimum to maximum, Ahkttt 
secured 1 a photograph of the spectrum. The most striking feature of the 
coronal spectrum wu the discovery of a new Hue in the rod at wavelength 6 J74 A. 
The substance represented by the new Hue is presumably due to coronium, 

Few as tr o no mers obrerved the total ecHpre of February J, 4946, coming 
as it did during the days of the great war. An wpndlti —1 to Vanosuola from the 
Cordoba O b se r vatory* undertook a varied program of work which was much 
interfered with by hase that covered the sky. The corona was again of the inter¬ 
mediate type, resembling in general features the ectipso of 1896. 

On June 8, 1918, the shadow of the moon touched the oarth'a snrfaco an 
the Pacific Ocean, far south of Japan. Tho eclipse track was cooflnod almost 
exclusively to the United States. It wia well after noon before tho shadow 
reached the American continent and tho eclipse began in the state of Washington. 
Hoe the width of the shadow was only sixty miles. Tho oclipeo passed south¬ 
easterly through the states of Washington, Oregon, Idaho, Wyoming and Colorado 
in s n c orwhai . After pawing through same of the central states tho shadow loft 
the United States at Fkrida and pawed from tho earth's surface at sunset, in 
the Atlantic off the coast of the Bahama Taianda. Owing to tho continuation of 
the great war, tho observation of the edipso was to American astro¬ 

nomers. The fallowing Institutions were represen ted In the Hold by oxpudltions: 
lick Observatory, Mount WQson, United States Naval Obaorvatory, Yorkcs 
Observatory, Swarthmore, University of Ullnala, Carle ton College and many 
others. The writer was a member of the expedition from tho United States 
Naval Observatory 1 , and was wltnewing his fourth total octipso. 

On arrival in Baker, Oregon, we at cnce rusUsod how unreliable meteorological 
conditions are apt to bo nnkaa the weather observations are m"dn in advance 
at the exact hour of the day when the eclipse Is to take place. Nearly all of 
the days spent in Baker in preparation far the ecUpse (a total of six weeks) 
were actually deer according to the classification of the United Statu Weather 
Bureau. Bat a “dear day" by defluilion is ana when the "sky averages throo- 
t enth s or law obscured, from sunrise to sanest". nnnda, however, gathered 
a l nu j n l: every day shortly after noon, and this condition was usually accompanied 
by vary high winds which at tfaneiroae to the strmgth of amUdgnlo. The eclipse 
was bo occur during the middle of the afternoon, and at time of day .the 
skies were generally ov ercast. These wire murHrino^ unfortunately, prevailed 
over the whole of the we s t ern United States along the path of the eclipse where 
the astronomers were located. The cloudy conditions generally MntlmwH each 
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day for a lav hours daring the afternoon, than cleared about sunset with the 
skks remaining clear throughout the night until noon the following day when 
again clouds gathered. 

As the days in Juno progrened towards the 8th, there was on air of exdte- 
mont u each astronomer grow more keyed up to the task before him. Would 
octipao day be deer? But mare especially, would the two minuta from 4 k 4» 
to 4*6“ P, M. be clear? The akiea were anxiously watched daring the last dayi 
before the eclipao, bat alasl almost every day at odlpae hoar the sky was over¬ 
cast Under inch advene conditions It was well to be an optimist, one who 
kept a stiff upper lip and e rp ec t o d the beat. Tho optimist would reason that 
if It were cloudy an all of the days before Jane 8, by the law of avenges, 
perfect weather would sorely be forthcoming on eclipse day; the peadmiat on 
the other bmH argued that so many cloudy days meant «HT 1 another of the 
same character, ao there wuuld be no uao for the astron om er to do anything. 
Condi ti ons indeed looked almost 

EcHpee day dawned with the Ay overcast with thin, filmy clouds, and 
during the couno of the morning, the douda gre w thicker instead of thhmor. 
First contact took place at 2 k 56*P.M., but there had been no appredahle im¬ 
provement in the ■Mw since nom. The dooda If anything became thirkw and 
at three o'clock it was practically impossible to see where the son was. Little 
thin rifts appeared at times due to TrvrHnn of the cloods. At three-thirty, a 
patch of bruUant bloc iky was seen off to the north west, and as the jxeoons 
momonta dragged along it km™* evident that the blue sky was drawing 
momentarily doeor to the sun and it was p—tM* that the bhw patch of sky 
might ranch the sun in timn fir totality. Fifteen nrfnnt— before the total pha-* 
tho ckrods warn no dense that, had totality utmu a d then, the scientific results 
would have boon nothing; bat the hfaio sky was coming nearv and it might 
arrive in timo. Socood contact was observed through thin deads and dining 
tho progress of totality of 112 rewinds conditions still farther Imp roved ao that 
at tho and of totality only a thin haso co v ere d the son. Two minutes after the 
total phkso was over, the sun had reached the bine patch of sky I If the echpB 
bad occurred only two mhmtea later, ex if the obser vers had been only half a 
ml In to tho northwest, tho sky conditions would have been perfect! 

Although tho thin dooda greatly interfered with the edlpre program we 
hpH Indood hnrm fortunate, far if the odlpae bpH taken place fifteen minutes 
narikr tho sdontific rasolls wuuld have been nothing at ofi. Forth* west, at 
Gnldnndaln, Washington, where tho Lick-Crockor party was located, a change 
of wuathor had happoood which wis almost a mirade. The account by FrofemcX 
Campbell 1 is aa follows: "The total phaso of the edipae o c curre d at 2* 57*, 
local moan time. By great good hick a small rift In the dooda fanned mostly 
at the right place and right time. The ckrods uncovored the eon and its 
immedia te ■urroaudlngB law titan a minute before totality became complete, 
and tho clouds »» gpbi co v ered tho sun leas than aoe minute after tho total 
phaso hod pajwxL Tho tmH dear area was very blue and the atmosphere 
was traJiqoiT\ 

After the ecUpso was over It was found that a few other parties here and 
there bad bad rjiwr aides. Snmw localities, lflrw Denver, Colorado, experienced 
dense douda but tho general run of Inrfr was vsy similar to that found by the 
Yerkoa sad Mount Wilson parties In Green River, Wyoming, where thin douda 
prevailed 
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The corona was of tho type omodated with imurimnin of sun-opote but 
with the polar ■treamsn modi more pronounced than to expected. To the 
nakrH eye, the corona of 1918 was a thing of rare beauty, mainly on account 
of tho many large proudoenca that added ao much of rosy light to tho pearly 
hutre of the corrauL (hi top of the sun, i. e„ towardi the zenith, win perched 
the "eagle" prominence, while in tho lower right-hand quadrant won tho onarmouH 
prominence which has been «»n«i the "heUoraurui”. Tho thin clouds interfered 
hot little with the details of the prominences and loner corona but greatly 
hampered the portrayal of the outer corona. All photographs unite in showing 
man y pnlr rayi and they also mhihlt: some plumed arches of groat bounty. 
In the minAi of those who were fortunate enough to soo tho 1918 cclipao, it 
wHL persist as the wonderful echpeo of color. 

What was perhaps the most interesting novelty of the odlpno owes its con- 
cep tkm to Edward D. Adams of New York and its realisation to H. R. Butlkk. 
Unfortunately ter t d"***, it has been found impossible to obtain a satisfactory 
re^ es en tatkm of the corona and the son's surroundings by photographs. The 
corona is very brUUant near the odge of the son but the intensity fades very 
rapidly. The eye can take cognizance of the details of tho corona In spite of 
the great changes in brilliance, but not so the photographic plate. To obtain 
the faint extensions of the corona which ere readily visible to tho naked oye, 
a comparatively tong exposure of tho photograph Is necoswy. This unfortunately 
causes great overexposure of the brighter fonw portion* of tho corona with tho 
result that all details of the inner corona on burnt out Brief ex pos u res of tbo 
photograph portray the inner corona in exquisite detail, but tho outer corona 
is Him test through dxxtneai of exposure. Many attempts have boon made to 
cut down the eapuuir ca of the inner corona by some mechanical device so that 
a single photograph could catch both tho tenor end outer corona as soon by 
the risked eye. If such a photograph we* needod by astranomon fur purposes 
other than ter popular pictorial presentation it would bo jnctkahlo to (IovIbo 
a mechanical sector rotating dose in front of tho photographic plate and with 
tbs leaves of the sects ao arranged os to give tho Decenary shortened ex¬ 
posures for the inner corona and with tho outer corona fruo m*m tho aoctor. 
Such a device was tried In 1889 by Burckhaltxr 1 . Edlpra, howuver, are of 
such rare occurrence that sstronamon usually do not care to tako chance* on 
a mechanical device felting to function at tho critical moment but rather prater 
to secure photographs with detail* both in the inner and brighter parts of thu 
corona, and in the fainter outlying portions. After tho octipso is over. If a ro- 
p rra witati n n is n eed ed of the whole conns, a composite drawing may ]» mode 
from the examination of different photographs. This motbod has given soveral 
ratisfactexy drawings", especially than by W. H. Wxsley; but oven the bat 
of these drawings have not succeeded in showing the corona as it appeared to 
the naked eye at the time of tho eclipse, and ter several reasons. Frequently 
the drawings were made by an artist who had not soon tho odlpeo, or if no had 
seal the ecHpae he was not 811 astronomer who could appreciate tho steep gra¬ 
dations in tone from the bright inner corona to theiaint outlying oztonaiana of tho 
outer corona. Even if drawing* of the in hlorlr and white can bo produced 
to show the details both of the inner and outer corona, Hwn cannot adequately 
portray the gorgeous beauty of the corona ter the reason that thoy do not show 
the warm rosy color of the jxucniounces. Unfortunately, color photography 
i s not yet sti fflrirntiy ter advanced to render much n—irfan™* , 
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In tlw attempt to portray the corona of 1918 in color the only powdbfllty 
left seemed to be tho finding of an artist who could have the true scientific spirit, 
and who amid combine an accurate sense of form with a refined perce pti on 
of color. Tho first requirement was aciantiflc accuracy bo that nothing should 
appear in tho picture of tho Corona that oxdatad only in tho imagination of 
tho artist, Howabd Russell Bottles, a portrait painter of noto was selected 
to paint the corona and ho was well equipped lor the task by having developed 
and pat into practice a shot-hand method of noting both form and color. Un¬ 
fortunately, he had never before witnessed a total edipae. When he arrived 
in Oregon, ten days before the edipae, he had rather lurid ideas, obtained form 
reading astronomical books, of tho appearance of the corona. It was ncccreary 
far mo to take him in hand, tone down somewhat his vivid imprcadons, show 
him tho colors of the rod end blue hydrogen linos in a powerful 21 -foot grating 
spectrograph and th«i criticise the trial palnHnga of a typical that he 

made in the days before the edipae. He was an apt pupil and at the time of 
the odfpaa he had his plans so weQ laid that he was aUe to take foil advantage 
of the 112 seconds of totality furnished him. It was unneceraary for him to 
pay attention to tho do tills of prominences end the inner c oron a, for these could 
be obtained from the photographs se cur ed with the 65-foot hxxiscxitxl telescope 
of the United States Naval Observatory. The methods adopted by Bunn 
are fully described 1 in Publications of the Izander McCcrmvJr Observatory, 
Vol. n, part 6. His painting of 49X55 Vs inches is exquisitely beautiful, a work 
of fine art in which the painter has not forg o t te n that adantifle accuracy is the 
first deddaratom when recording an astnmondial event A rereodoctian in 
color is found at pagu Go In Mitchell's Ecllpres of the San, 2P edition, and 
tho dotails of tho hydrogen prominences, alro in colcr, at page 15 a 

7. Sell pees after 1918. Observations at the ochpaca of 1919 and 1922 woe 
c onfin ed almost antiroly to the Emnni problem. The former ecUpaa was a 
return in the Sabos of tho 1901 odipao and had a duration of totality erf sir 
minutes. Tho data of the edipae, May 29. was a very fortunate one for a test 
of the Edibtedi defined rm. Since tho sun is always In tho ecliptic, the brightest 
group of ecliptic stare is in tho constellation of Taurus, and hoe the sun finds 
Itself an May 29 . Two expeditions 1 ware dispatched from England. Cbommeun 
and Davidson, representing the Greenwich Observatory went to Sobrel in 
Northern Brazil, while EoumoTox and Cotunghau foam Cambridge located 
an tho Isle of Prlndpa in tho Gulf of Guinea, Wart Africa. The telescope used at 
tho latter location was tho thirteen-inch aatrogrmphlc belongin g to the Oxford 
Obrervatory. Tho telescope was used horizontally with coelnj fo i and had the 
aperture stopped down to eight inches. On odipao day, deads greatly intorforod 
with the p rog ra m of the work, hat on account of the long duration of totality 
sixteen photographs were obtained with exposures ranging from 2 to JO seconds. 
Unfortunately on many of tho plats somo of the stars were misting an account 
of clouds. ' 

In Brasil, tho o b s e rvers were favored with fine woathor. They utilised 
two telaecopas for securing their photographs, one similar in size to the one at 
Principe, the other with tho greater focal length of 19 foet and aperture four 
i echos. The photographs with the farmer Instrument ware a grave dlss jyoh itment, 
for tho star images wore not in sharp focus, due probably to the warping of the 
mirror by tho heat of tho sun. Seven of the plates taken with t he foo r-fnch 
lens ware found satisfactory for measurement (fig. 1). The results fa mished a 
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remarkable confirmation af the Ensnair prediction; and ai a conuoquenco, a 
remarkable bant of enthnilaBm spread throughout tbo whole of the think i n g world. 

In gH* of the g enera l good agreement of the photographic measures, no 
me, least of all the British observes themselves, was rash enough to affirm 
that the Kdchtuk flttflfgtifm had been completely willed by tho 15H9 odlpao 
nsnlta. The observational work was pioneer in character; and improvements 



Big, 1. Safer Cork, K*y 39 ,1919, nntngzzph tmkai by the Britfeh Expedition at SobfliL 

in the methoda of securing the photographs were readily apparent Pint of all* 
the mut be ■ji miu nt wi by pin ring the «**rawa i rm an equatorial 

mounting and p o intin g toe lenses directly at the son. Not only do the mirrors 
prevent a maintenance of constant tocos, on account of tbo warping of tbdr 
■fffaff i by the beat of the |pTn , bet the minor a may introduce distortions in 
the photographs, It was immediately recognised that hi the future nmeh greater 
care be exerdasd in fa rming photographs of of atari in the midst 

of which the Km would be found on the day of the ochpae. The conditions under 
which these check plates are takoi must resemble aa closely aa poarfble those 
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at the time oX the eclipse, 1. e., with the same temperature, hoar angle of the 
twlwmp^ etc. 

At the total odlpac of September 21, 1922, a long duration of totality of 
nearly six minutes was again available. The obnrven devoting tbemadvea 
mainly to tbo Eorerra problem wen the British party of Jons and Mklotte 
who located on Chrietmaa Iiland and a com blood German-Dutch expedition, 
bIbo an ChrlxtmaB Island. In Nortbom AnetraUa were found Cahphxll, Uookk 
and Tbuxfus from the Lick Obaorvatoiy, Chant and Youxo from Canada 
end Evxsshkd of the Kndaikanal Observatory in India, and at CardiUo Downs 
were located Dodson and DAvroeoir. 

The British obasrvera at Christmas Island spent six months at the ecttpee 
site in order to aecnre the check plates In advance of the edlpse. Unfortunately 
the sides were so covered with thin haxo or heavier clouds almost every night 
that even the check plates could not be secured* To add to the continued dis¬ 
appointment of the observers, the sky was cloudy an echpn day and no photo¬ 
graphs were secured cither by the English or Ggmsn-Dutch expeditions. 

Tho plans of the Lick Observatory wore thoroughly well planned and executed 
and splendid weather conditions greeted the observers an ecHpro day, not a 
single cloud appearing in the sky from meaning to night 1 . The Edibiedi equip¬ 
ment constated of two cameras each of 5 inches aperture and 15 feet focal length, 
and another pair of four inches aperture and 5 feet focus, eedh camera pointed 
directly at the son. Each 1ms of the two pairs consisted of a quadruplet and 
each gave a flat Hold of good star images over pis. tea s ev e n t e en Inches square. 
The id to chosen for ochpao observations, Wallal, was the heedqoartaa of a 
sheep ranch and tho population of whites numbered altogether only six. Many 
serious obstacles bad to be ovucd me in the short time available before the fan 
stnmumts ware erected and accurately adjusted. Perhaps the greatest trials 
were tho dost and tho flic*. Tho eclipse camp wo In the bed of an extinct lake, 
and on account of the small annual rainfall the ground was very dry and a cloud 
of Ono dost wo raised at nach atop by a person walking, and a gentle wind carried 
tho dost to all portions of tho plate holders and optial parts of the deUmte 
apparatus. On tho morning of ochpw day, September 21, it wo necemary to 
cat gram boughs from tbo trees, spread them on the ground and then sprinkle 
everywhere plentifully with water in order to diminish the radiation from the 
boated sail. 

As tho living conditions at Wallal were so meagre, it wo found not to be 
practicable to send an observer there with tbo Emnim camoro three months 
or more before tho oolipm in order to mount and adjust the camoro and lake 
tbo noccoary duck plates in tho night skies. Tbuhplxe actually secured the 
chock plates in tho Island of Tahiti whore the latitude (17* J2* S) differed little 
from that of Wallal (19* 45' S) and where It wo thought the temperatures at 
night would differ little from those by day at Wallal. As an extra pr e ca u ti o n, 
it wo dncblp d to photograph on each plate taken at Tahiti not only the critical- 
■tar gronp whore the sun would bo projected at the time of tho ecHpse, but a 
socond star fkiid with a right occasion six horns greater than that of the eclipse 
plafw, Tho night before the o cHp sc the photographic pbiw to be used lor the 
first half of the ooUpse sot wore oipu a nd to the amdhaxy group, while the se cond 
half of tho ocHpre Wstns were e x p osed to the star group at night following the 
oclipso. Tho w? erf the swwid star group thus furnished a double chock an the 
accuracy of tho ocUpn ph o to grap hs and by their it was hoped to com- 
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plotdy tfmtnate any systematic anon that might pcarihly creep Into tlic Tahiti 
platen because they ware not actually taken at the eclipse site. 

Hie splendid atmospheric conditions and the can with which the plates 
wens adjusted and focused rami ted in plates of excellent definition from which 
n defle ction was obtained wrinrpri to the edge of the son amounting to 1”, 75 iO l, ,09 
which is In remarkable agreement with the Ewsthdi prediction of 1,75 sec on ds 
of arc. The methods fallowed by Campbell and Tiumflxh arc given in Tick 
Observatory Bulletins, Nos. 346 (1933) and 397 (1938). 

In the latter pu blication Camp bell and Trumfler mako the following 
remarks. "Having guarded our remits, by means of the check-field ohecr- 
vatlous, against any py >«n*tir. errors of inatrnmontol diameter, or enure don 
to the photographic p ro ce ss, or to tho method of moasaromont, and having 
brand that abnormal refraction In the Earth's atmosphere must ho rejected as 
a possible explanation , tho reems inevitable, that tho observed star 

displacemen ts are doe to) a bending of the light rays In the space immediately 
unro unding the Sun. As to tho amount of the light deflections and the law 
according to which diminish with increasing angular distance from tlia 
Sun' s center, the o b e ur rations agree within the limits of accidental observing 
errors with tho prediction of Eufimmc's Generalised Theory of Relativity, and 
the latter seems at present to furnish tho only satisfactory theoretical basis 
for our remits’ 1 . ’ 

On Sept e mber 10, 1923, th* moon’s shadow touched tho earth's surface 
at nmiisB in the Pacific Ocean off tho coast of Japan. After travtaalng tho ocean, 
the path of the total ecHpee reached the coast of sou thorn California somewhat 
after noon. After awing Lower California, Mexico and Yucatan, tho edipao 
ended in the Carribean Sea aomewhat noth of British Guiana. As tin trade 
of the edipro was at meh a groat distance from Europe, it was evident that 
the obearrmtiona would bo mnd« chiefly by estroDomon from America. At 
the eclipse of 1918, tho American astnawmen had realised to thdr sorrow how 
difficult Is was to predict tho probahlo weather conditions at tho time of totality. 
Tha observations of such a splendidly equipped organisation an tho United 
States Weather Bureau did not foretell tho cloudy conditions of tho sky that 
were actually experienced in mid-a f t e r n o on throughout the regions whore astro¬ 
nomers were gathered far the edipao. Tho main reason for this failure to predict 
was that tho weather observations had not been made in tho mid-aftnmoan, 
the tira at which the edipao was to be total. Consequently in order to be fore¬ 
warned about tho edipao of 1933, the Edipao Committee at the American Astro- 
notnkal Society tox four yean previous to 1923 hod had spxrinl observations mado 
of the wind and the weather during tho first two wonut of September and at 
the hour of the afternoon at which the eclipse was to tako place. Than sup¬ 
plementary observations wore made throughout California and Mexico. Tho 
Information gleaned was to the affect that clouds car rain might be expected 
throughout Mexico but that on tho coast of tho Pacific tho conditions were 
almost ideal, in fact the only tiring to fear was that a log might roll in from 
the sea. Accordingly, the Lick Observatory decided to locate at Knaonada In 
Lower CaHfaraia, while at San Diego in southern California, parties wore gathered 
from the Mount Wilson Observatory, from the Leandor McCormick Observatory, 
from the Paris Observatory and from tho Department of Terrestrial MagnotiKn 
of the Carnegie Institution of Washington. At Santa Catalina Island tha follow¬ 
ing institutions were represented: Yerkes Observatory, Harvard, University 
of Tlflivria. Dominion A stro p hyi cal Observatory and many others. Within tin 
"memory of the oldest inhabitant” there not been a iringln cloudy day in 
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San Dingo an the tenth of September, and to mako matter* almost Ideal, the 
total ocHpee camo at one o'clock when the danger from aca-fog wu reduced to 
a minimum, A conservative eatimato placod the chancea of perfect condltiona 
at about ninety porcont. A new departure wia offmd in 1923 to organizer* of 
ccHpae oxpcdldooa In their opportunity to taka oat insurance against rain, 
clouds, wind or any atmospheric conditions that would impair or ruin the scientific 
success of tho expedition. The Swarthmora party took out such Insurance. 
Although a similar offer was made to ua at San Diego it seemed poor bushnsa 
to write such insurance sinco tho chance* of perfect weather appeared ao very high. 

An unusual opportunity aoomed to be fsuaentod to astron o my at this ecttpu 
in that the path of totality waa situated 00 dcao to the Lick Observatory and 
to the Mount WDaon Observatory. The farmer observatory has set a high stan¬ 
dard in the succcaful observations of eclipses, expodltiona having been ant to 
all quart era of the globe, tbe eclipse of 1923 making the thirteenth. The Mount 
Wilson Oheervatnry has beeft famous throughout the scientific world for the 
magnificent work accompUahed in Its solar investigations. Hem wu a double 
opportunity offered to Mount Wilson, At tho observatory itself with its splendid 
equipment, tbe oqual of which is found nowhere in tbe wmid, the eclipse wu to 
be about ninctyndght percent total, with the result that many of the spectro¬ 
scopic problems could be tested out with tbe tower and tbe Snow telescopes, 
instruments of Ugh dispersion, thoroughly well installed and adjusted. Since 
tho probfems that may bo attacked outside of totality are Hmi tod, the obser¬ 
vatory dodded to have two parties in tho path of totality, the main expedltfam 
going to San Diego and a smaller party to Lakeside, California, forty kflometm 
away at tho nexthv odge of tho eriipre track, where observations were to be 
made cm the flash spectrum with high dlapenkm by Aimirao* and Karo. 

Tba ocllpso sitae being leu than 250 kilometers from tho observatory with 
Its splendidly equipped machine and optical shops, it wu a comparatively 
oaay matter to transfer all of tbo oclipao imtnunonts by motor truck from obser¬ 
vatory to ocllpea camp. Tbo whole sdontific world had recently been aloctrlfled 
by tho measurement by Hichkuoit of the angular diameter of Betelgeuae made 
pouiUo by tho employment of an Jutcrforemetar with a span of twenty feet 
used with tho 400-inch telescope. To permit the investigation of a larger number 
of atari), Professor Geuxgb E. Hals bad designed an Interferometer whereby 
tbo ndnuni could bo separated to the great distance of fifty feet A rigid m t xintio g 
bad boon designed far this and tho central aoction with driving clock had 
boon comidatod. 

Director W. S. Adams utilized this structure upon which to mount all of 
tbe commas, spectroscopes, photometers, ate, of tbe oclipao program fflg. 2). 
Tho lougost camera wu thirty feet in focal length hr the purpose of tertmg tho 
Emstmir affect. Another camera half this length wu fir the aune purpose. 
Thorn were cameras to portray the boantioa of the ccrana in various scales and 
in light of different anon, spectroscopes to ascertain tho constitution of tbe 
corona, instruments to photograph and measure visually the intensity of the 
light of tho corona at various angles from the edge of the sun. The instruments 
numbering fifteen mado tbo moat complete equipment that had probably ever 
born auemhbd in poo place for photographing p solar ecUpae. Tbe placing 
of ao many different instrument* with such, varied programs all on-the nin e 
mounting was a radical departure in eclipse observations. Trials before the 
adipse showed that the mounting wu sufficiently rigid and that it was possible 
for the different observes to carry out their programs without interfering with 
the work'of- tho other obeerven by jarring-the whole mounting. The pa r wmnri 
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Another mnunel oppartnnlty awaited sdance at this ocUpae. At San Diego 
wu the powerful battks squadron of the United States Naval Alnauft forces. 
Here was a chance to employ photography from tho air 1 an any of the problems 
that could be aolvod by this motbod. It la manifestly impaodble to use any 
but comparatively mall cameras from an airplane and to give any but very 
brief exposures, On account of the abort exposur es permitted, so spe ct r oscopic 
Work could be at te m p ted from the air, no Investigation of the Enrerax effect 
and no photography of tho corona that demanded large focal scale. Airplane 
photographs could not compote with thoae taken with larger Instruments mounted 
with a And Installation on tm firms. In the event of clouds and the pnsrihfflty 
of soaring above them in a machine, airplane photographs might be taken, bat 
there would be little af scientific value in photographing the arena on such 
a small scale. There s eem ed only one direction In which airplane photography 
could amdst the astronomer, and *hn* was In the attempt to find the position 
of the mooa In the sky with greater accuracy, for In spite of the many refined 
researches of the maitanatical aftronamrc, the motion of the moon Is far from 
bring known with tho precision desired. The moan la erratic In her motions 
and quite In keeping with her feminine gender. The position of the moon affects 
the timo of tho jndlctim of the eclipse and the p r oj e c tion of the moon's shadow 
on tho earth's surface. 

The program finally adopted consisted in the attempt to photograph fmn 
five aparate stations along the northern edge end one at the southern edge 
on the shore of Mexico, the edge of tho. shadow of the moon. For this purpose 
it was noceaary to use the best uf mapping cameras known to the photographs! 
and to choose apodal rites to photograph when the terrain would offer as great 
contrast as possible between a point lust inside and ooe just on tilde the moan's 
shadow. Incidentally It mot bo admitted that so little was known at the amount 
gf light to bo expected a lew foot outside of tho mom's shadow that there wis 
somo doubt as to the final snocnm of the invutigation. Bnt then was nothing 
to do but to "by and mx what happened". 

WhAt a disappointment awaited us in Catifamlal For man then a week 
clouds had boon tho rule rather than the dear sklca we had been led to e x pect . 
And what a record lor aettpn dayl Clouds throughout the wfaolo of the region 
of California wherever than wu an eclipse expedition brought to nought all 
of tho carefully laid plans, Fortunately for sdcncB, Mexico, whms little wu 
oxpoctod of tho weather, did much better than California. The Swaethuqbx 
party 1 under tho losrknhlp of Millbb, who was ably safeted by Cuing, had 
a narrow It had bom raining in torrents shortly before the ecllpu, but 

fortunately tho rain stopped, tho clouds doamd away, thus permitting the ac- 
eompUahroant of the program (fig. 3 ). Thf> chUHnair uu^it, so the <K-faot cmera 
printed directly at tho sun with which nurrtful photographs wme obtained 
although thin haso c o ver e d tho sky throughout totality. Even better conditions 
were exporian cod 1 by tho German party, LUDMPQBiT < ScHoaasndKoHTjswOTTxit 
who carriod through to completion a wen-rounded program. 

After tho 111 faefc experienced by the astronomers at tee ecHpan 

Of 1923, WhOTB fflndl flmii hwfinrphami hud < SO pCDOllriDg, it MDri SbfWSt 

foolhardy to p r ep are for an eclipse which wu to take place at nine o'clock of 
a winters menring on tho Atlantic coast in the United Sts tee with the sun at 
best only d^iteen degrees above the horison. Would snori cover up the astro* 

1 PoblUS Nani Ota, taond Saris, 10 (1004). 

1 Ap J 6i, p. 73 (19U)l Spool Ota Puhl MO. 7 (1935). 

■ Bfeangaber. FraefL Also. 1035* P* 83. 
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naman as had happened cm January 14.1907. the preceding ecliptic In this cycle 
of the Soros? The mat optimistic placed the chances of good weather olxrat 
fifty parent. With such poor prospects, it was natural that none but American 
astronomers would plan to obtwe the eclipse. In fact, the chances of succcm 
■ wwri bo remote that the Lick Observatory with its splendid record of care¬ 
fully planned observations secured at many eclipses deddud against sending on 



aona the continent. After attempting a very largo program at the 
4929 fldipH, the Mount WDicn Observatory contented Itself fa 1925 with attacking 
■boot caw-fifth of the problems planned far the previous acHpae. 

What a surprise the weather again had fa store far ns cm January 24,19251 
The day before the ec lip se was one of gor g e ou sly p wfrct bfao skies. Would the 
morrow provide equally good skies? Arte all the long weeks of preparation and 
of hard work In installing the instrument!, would the work be all of no avail 
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by clooda blotting out the ecKpee? No astrononw ihonld evir attempt to ob¬ 
serve an ocllpB wbn la not fundamentally an optimist, a good sport prepared 
to taka long chances. The dear skies continued throughout the night, but It 
clouded completely ova at six In the morning,—and totality occurred three 
hocus later. The hugest group of astronomers were aswemhlecf at Middletown, 
Connecticut, at the Van Ylock Observatory, and here were parties representing 
tho Mount Wilson Observatory, f .candor McCormick Observatory, Harvard 
Untvmslty, Uni vend ties of Wisconsin and Illinois, United States Bureau of 
Standards and many others. What a dejected aowd of astronomers we wse 
at eight o’clock when wo had gathered at the Van Vlock Obaxvatnry to obanrve 
first contact, tho beginning of the eclipse. There was nothing but clouds every¬ 
where I 

A quarter of an hour later a ray of hope appeared; there was a bine streak • 
of sky low down in the northwest,—and the clouds were coming from that 
quarter. Would it dear of! in time? Lock was with us. Five minutes before 
totality a cloud, very thin and vary fleecy, hung over the son. It wso not thick 
enough to do much damage end it was moving slowly. We hoped it too would go. 
When the timers called out ’Two minutes", the dead had almost gone. By now 
it was beginning to get quite dark, a weird and unnatural pall mining over the 
landscape. The obsemn outside noticed shadow bands flickering over the 
snow. At one minute before totality, with the thin oeecent of tho sun growing 
very small, the atmospheric ersirti flora seemed perfect, the thin cloud had gone! 

How fortunate wo were that tho weather defied ell the laws of averaga 
on January 24, 492$, and brought dear skies I With ckmds hovering evrey- 
whore over Now York and Now Kngisnd, the surprising fact was that dear 
skies greeted most of tho astronomical napcdlHrais. It was cloudy throughout 
Michigan end Ontario, cloudy in Buffalo, but dear at Ithaca, Poughkeepsie, 
Hkkflotown, Now Haven, Nantucket and New York, where srimtifle parties 
wore located. It is estimated that tai millions of the population of Now York 
and New England were given an opportunity of witnredng the gorgeous spectacle. 
The groat newspapers of New York City aaert that no single event in the pest 
dnrodn him aiuusod soch widespread enthusiasm. As totality for the brief 
thna af two minutes ar less, and as the scientific invoed gati o n i wtn nearly 
all crowded within tho period of the total phase of the ecUpre, it is probable 
that no alngln event in the ’ h is to r y of man has had ao many words, per minute 
of tho duration of the event, written about it as has been tho cue with the 1925 
odirau. Aa a spectacle offered to tho inspection of the general public, this ecHpm 
suffered from its taking place so early in the morning. If the dar ken i n g hod 
como an daring tho middle af tho day with the son high up in the sky, tho patho¬ 
logical effect would have boon all tho greater. In general shape tho corona 
cnmfypnf ided cloudy with that ex pect e d from the condition of the sun near 
spot minimum. To the right of tho vertical, however, there was a long pointed 
shaft of light stretching up mare thft" a degree. The remarkable feature was 
tho total of rosy visible to tho naked eye, no prominences being 
visible, and os a result the corona color as if to reflect the fa din gs of 
tho observers who everywhere worked with the thmo mete r about —45* C. 

Several Tumanul features concerning this eclipse ere worthy of note. The 
odlpBD track craned over the Van Yleck ObMrvatory with Its visual refractor 
of 20 India aperture. Here was an opportunity of photographing the corona 
with a laig o aperture and with yullow light. Mtt.txb of the Sjxonl Observatory 
used ths fens 3 62 feet fecal length, mounted os in 4948 and 4 92 J, pointed directly 
at the sun. Naturally, there were hosts of cameras of a m a ll a r focal length. On 
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mount of the high pooriUUty of dmufo, the United States Navy employed tbo 
dir i gible T/w Angeles—fannoriy the ZR 3 — which flew out to see and carried 
a battery of cameras with which to photograph the co r o na . Even in a gigantic 
dirigible the platform corxyhg the corosas la not vary steady and It is very 
iHHkn lt to keep the cameras pointed at tho son. Naturally it was possible to 
n tflim cameras only of short fonnl length and to givo brief exposures only. If it 
had bw*n known beforehand that the skies were to bo doer at eclipeo time, tho 
Los Angeles would not have token port in the eclipse program. Its photographs 
showed the general fe a tur es of the corona but they had little of sdantific value 
compared with those by cameras with more stable foundations and 

great e r focal lengths. Many airplanes were utilized for the at mo mJmfcm. 

Many attempts were to measure the intensity of tho corona among 
which should be noted the work by Nicholbox and Phi in, by Run end Stbb- 
wnm and by CoHuam and Snraoir, all throo parties gathered in Middletown, 
and olio by Pauhuhst, located farther west in Ithaca. C turns at Now Haven 
and Mitchell in Middletown photographed the Hash spectrum, the termor 
paying special attention to the red end of the spoctrum and reaching to l 8800 
In the photographs. The results obtained by thsu various o b servers will bo fully 
recorded at the a pp ro p riate pages fafar in this memoir. 

The developed photographs aot and all show tho affect of tho low altitude 
of the son and the consequent poor seeing. As ecUpsos are of such raro occurrence, 
it Is fratunate that coronal details do not require tho finest conditions of Boeing 
for their precise portrayal. The details of the craonol streamers am not inherently 
■harp snd dear cut in their nature, and consequently a little blurring erf detail 
caused by poor atmospheric conditions have llttlo deleterious affects an the 
photographs. The cam h however vwy different with the pramtecncra. By nature 
these phenomena have nuxe or less definite outlines. Tho boat photographs with 
which to test the quality af the seeing at the 1925 ccUpso were unqu es tion a bly 
those taken with the 20 -tech visual refractor of tho Van Ylock Observatory. 
This t el esc o pe is regulady employed by Director Slocum mainly for the deter- 
nitnafinn of stellar parallaxM by photography. Tho focus consequently hod 
been thoroughly well datmined. The plates taken by this telescope, tbo largest 
aperture that had ever been used to photograph an ecllpso, wtro a groat dis- 
fi ^ fl ni nwiif rfrw mainly to the 1 *** of sharp flnfrnil shown in tho tenor corona. 
The fault did not lie in the telescope or in any lack of careful adjustment but 
was to be found in causes beyond the control of tho ofasorvur, i. o„ tbo poor de¬ 
finition resulting from bod seeing. The mine quad ties of poor soring are shown 
in the photographs of the flash s p ec tr um talnm without slit. The of sharp 
dwfhritfai shown by Slocum's photographs with tho 20 -tech refractor, tbo absence 
of dear-cat ddteadan of the promirrnrns is found in the spoctnl images of 
thww prominences in the ■ pw-jr inn . 

The ecllpm was visible near the congested centers of population in the 
essten port of the United States. The great city of New York was partly within 
and partly outside the path af totality. Up-town New York, in the residential 
sections saw the corona, while down-town New York in the buteon sections 
experienced the mnch ■™Uht thrill of being outside of tho belt of totality. The 
interest a rous e d however wie so great that bustooas in tho great city was practi¬ 
cally suspended while the eclipse was in p r og re s s. 

The American Astronomical Soc i e t y sought to utilise enthuldasm in 
ardor to obtain additional adonttiV. information, and this was occompUshed 
through two committe es of the Society, the Committee on PuhUdty, of'which 
Prafa s aor E. W. Bbowm woe chairman, and the parent Commltteo on EcHpsra, 
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P nifawr S. A. Mitchell, chairman. The former of the two committees sent 
out a request to astronomeri far observations of the moon's position during the 
two months, ana preceding and the one fallowing the eclipse. 

On account of the difficulty of observing the moon iwr the tim— of new 
moon, there is ordinarily s gap in the regular lunar obeervatfane whether made 
by occnltations or by meridian cfade. This gap may be filled at the time of a solar 
eclipse. Hence an attempt wm made at the 1925 ecUpso to sec ur e as many 
observations as pnrefbln In ardor to detect any short period deviations. If any 
exist, and to compare the results obtained by different methods far the purpose 
of aoofag whether there are any systematic errors of observ a tion peculiar to 
any one of them. 

Tables of the moon, such as Hanbo's, Niwcomb's «■ Brown's, are used 
far predicting the place of the moon published lu the different nautical almtnua, 
so that the comparieon with observations may furnish a means of further cor* 
noting the tablet. The almanac predictions are prepared some four years fa 
advance. Far these predictions it is dwdrmhlw to keep the theory of the moan 
ss free at possible from arbitrary empirical terms so that the theory may not 
bo cluttered up by too many additions. On account of the necessity of extra¬ 
polating from tiie observed path of the moon, three are chancre at errors of 
several recands of arc between prediction and observations which cause dUfremces 
of double that number of »>en«fbi of time between the predicted and observed 
times at an odipao. 

Far indicting the times of an ec lip se It Is naturally very desirable that 
tho times of beginning and ending of the ecHpre be known with the greatest 
parefblo precision, hence it Is ganreully customary, a mouth or more before the 
eclipeo tokos place, to cocroct the opbecneria time* of the predicted octipn. There 
corrections are derived from comparison with the observed positions of the 
moon and son that have been made fa the four year Interval since the nautical 
almanac was prepared. 

At tho ocupm of 1905, totality camo ahead 1 of its predicted time, the be¬ 
ginning of totality being 47 aoconds earlier, while the endin g came 23 seconds 
earlier than tho times predicted by tho American Ephemerla. The middle 
of totality was thus 20 aoconds ahead of that ca lm l a fad, while tho duration of 
totality was somo six aoconds 1ere than was expected from the computations. 
Tho Hmfl prodiotod far the middle of totality by the British Nautical Alma¬ 
nac was identical with that furnished by tho American Ephemerla but tho 
duration of tho former was i ",7 fare than that of tho latter, whQo the duration 
calculated from tho Connaisaauce desTomps was five seconds greater than 
that of tho Amorlcan Ephomoris. All obeervrev at the Spaidah ecHpre had 
thdr program of observation greatly fatrefarod with by having the moon so far 
in advance of its predicted place. Tho eclipse of 4944“ came 25 seconds earlier 
than tho prediction of tho Nautical Almanac and 5 seconds be fo re the time 
givtm by tho American Ephemerla. Before the e clipse of Juno, 1918, a car- 
notion of 42,5 Brands to bo applied to dm timne of contents rslnnliifari from the 
American Ephomoris, was furnished by tho Untied States Naval Obsre- 
vatery. The o b s erve d times wore actually about fourteen Brands ahead of 
there predicted by tho Ephenxrls. At the eclipse of 4922, the Lick Observatory 
party obaorvud tho beginning of totality some si xt ee n seco n ds n a rtior than the 
tfa* predicted, while tho end of totality came twenty seconds earlier than the 
Almanac pre diction. 

1 lick BoD 4, >118 (1905). 

■ Land Madd 86rH. No. 90 {1SH9)- 
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After the exhaustive investigations by bo many competent authorities, 
allowance having been made for the gravitational attraction erf every conceivable 
cause of disturbance, it la unmistakable that the moan departs bom her theo¬ 
retical ptem in a very Irregular manner. An error in the assn mod valoo o1 the 
acceleration of the moon's twn longitude, even thongh this error Is a very 
ffwfull oq^ will cause errors In the jxvdkted place of the moon which are cumnlativo 
and depend on the aqnara of the time. 

The differences in the observed and tabular positions of tbo moon havo 
hear nreriy com taut since the ephemeris for 1925 was computed. For predicting 
the 1925 ocUpae, a correction of +7",0 was applied to the tabular moon lon¬ 
gitude of the moon as given in the AmorlcanEphcmorla, and —0",S0 to tho 
foliar fWHnnHnn The correction of 7”,0 in the mean longitude indneos short 
period In the moan's tabular right ascension and declination. Tbo 

whole rhnng w mn y bo maria by adding to the tahnlar right aaconslon and decli¬ 
nation the quantities 0,212 da and 0,212 rid, where Aa and A dare the variations 
per minute given in tbo Nautical Almanac for ovary hoar. Bkowm 1 applied 
these carrecticns to sll observations made in the sped*] series for the 1925 
eclipse, snd be tlwn found that the remaining sror of the mean longitude is 
less than 1,*00 so that the short period enure will be of tho ardor of Q",l and 
in the mean af the two months will dhappear. For the edlpao the remaining 
pofodic oror was leas u«m 0",Q5. In predicting tho orllpan, no c or re cti on was 
applied to the sun's tabular position even though Its observed deviation has 
been steadily increasing; and as a matter of fact, nearly the whole e rror of tho 
eclipse times was due to the sun. Observations made at Greenwich and tho Un i ted 
States Naval Observatory during the two month period show that a correction 
4-1 ",70 was nece—ry to the tahnlar longitude of the son and 4-0"il0 to its 

tabular latitude. 

The following times for 
second contact and the du¬ 
ration of totality have been 
made by trained astrano- 
mcn with every facility for 
obtaining accurate positi¬ 
ons of thntr stations and 
accurate time signals on the 
day of the ectipae. 

A summary at the remits af the observations dlscnaod by Bkowk for tho 
1925 edfose gives corrections to be added to the mean longitude of the moon <91, 
and to the mean latitude as follows, where n repre se n ts the number of ob- 
■urvatians: 


abL 

»- 



i 

Ithaca, N. T. . 

+« 

+*,2 

a 

3 

PuaghheunSe, N.T. . . . 
Etaaa, K.Y.. 

+3 j 
+ i s 

—0.8 
-3 ,9 

4 

Kn Haven, One..... 

+6,0 

-1 ,0 

5 

MMJMiwu, Goon. . . . 

+3 

0,0 

6 

Martha 1 ! Vhiejaid, M— 

+6.0 

—6 

7 

Naatsote*, Uw. .... 

+4,9 

-3.7 

8 

Dirigible L01 Angela . . 

+6 ,3 

-0.9 


*ttal 

il-rjao 

a 


a 

fVi . _. 

+0-.38 ±0“,10 

79 

+0. 

"49±0",17 

79 

T1 ■ ■ d ■ 1 ■ ■ - .1 ^ 

Greeavieh, nerldha dede . . ■ 

-0 ,14 ± 0 M 
-0 ,13 ±0 ,16 

11 

16 

+0 

-0 

.34 ± 0 ,36 
Si ±0 ,11 

11 

16 

Wellington. 9-tech tanrit . . . 

-0 .34 ±0 ,15 

16 

-0 

.60 ±0 ,16 

16 

Widtfagtan, 6-tech liaitet . . . 

+0 ,?0 ±0 ,19 

32 

-0 

.13 ±0 ,18 

31 

Cue, meridian diala. 

TUOpm . 

+0 A2± 0 i& 

13 

-0 

,34 ± 0 ,46 

10 

+0 ,40 ±0 .14 


+0 

SO ± 0 ,13 



The weighted mean of the values gives a correction to the moon's longitude 
and latitude of +0” 1 28 ±0",06 snd 4-0",J2 ±o",o6, resp e ctiv ely. 


1 aj 37, p. 9 (iWS). 
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The comparison of the results made by the cUffount methods Is not without 
interest. Tho meridian observations differ among themselves rather widely. 
The occnltations and eclipse remits give co rre c t i ons which agree within their 
probable errors. All the nan-meridian observations agree in giving a positive 
collection to the lunar latitude and all the meridian results give a negative 
correction, the average difference is over 1". These dfaergp a ndes are partially 
explained by an avomption originally made by Hausen that then is a difference 
between tho center of mass and cents of figure of tho moon. Brown has shown 
that the northern half of the moon is probably the denser half. 

The ranges In the times of second contact and the duration of the eclipse 
as exhibited by the observations of skilled astronomers in the table above, appear 
much larger than one would expect but they show about the same dlffmncea 
exhibited at tho eclipse of i9H> in the observations of contacts contained in 
Mcdririhnde frin Lunds Astrtm. Obs., Sdrie II, No. 20. However, It must not be 
forgotten that the outline of the moon departs from a perfect circle and that tho 
time of the beginning and ending of a total solar eclipse depends very largely 
on the diaracter of the hmar surface at the paint af contact, the beginning of 
tho total eclipse not taking place until the last Baily bead has disappeared. 
Tho mountainous character of the moan's surface win have a great effect on the 
times of contacts. At tho 1935 eclipse a difference In height of one mUo on the 
moan's edge would correspond to three seconds in the times af axitacts on 
tho control Hno of totality with a greater dtffsence towards tho edge- of the 
shadow path. Tho position of the moon thrived from these eclipse obwatiaoa 
was confirmed by tho position of the shadow path as it paved over New Ycxk City. 

At tho ecHpro of 1925, preparation* were made to photograph from airplanes 
tho edge of tho path of totality so as to fix with greater exactness the place 
of tho moon in the sky. Through clouds, theeo attempts came to naught In 
1925, on account of the southern edge of the moan's shadow paving over New York 
Uty an excellent opportunity was at hand to secure many observers t6 determine 
the oxact edgo of die shadow. Thh problem was taken In hand by the New York 
Edison Company. 

Calculations boaod on the American Epbemeris and Nautical Almanac 
hod foretold that tho odgu of the moon's path would cut Riverside Drive, which 
runs north and sooth along the Hudson River, somewhere between 83 d Street 
and IIO 111 Struct, with a total uncertainty of approximately one mile. To make 
certain that the astronomers were not mbtaken, obaerven were located at each 
intanoction of city blocks all tho way from T2P* Street to lj5 tt Street, usually 
cm the tops of apartment houses, bo that a better viow might bo obtained. Sixty^ 
nine men wore employed and cadi was furnished with a piece of darkened glut 
aixl was instructed to look at tho sun at the time of totality in order to roe whether 
tho corona was viaibk or wbothar there was a thin edge of the sun left ihiulug. AD 
of tho obnervura wren instructed to report to a central office imme di at el y after 
tho ocllpm. Only ona of tho total of nxty-nlna was in doubt as to what he av, 
and tho dxty-dght gave a doar-cut verdict. The ofaeerw at 240 Rlvmdde Drive 
TwH soon tho total odipao whllo a man located at 2J0 Rfvmide Drive had seen 
a sltvur of tho «n wgp na nH, indicating that It was a partial edipae. The 
dfatunm botwoiB thoao two men was about two hundred and twentyfive feet, 
which Inducted tho width erf 90* Street. The edge of the shadow of totality w**, 
therefore, pfrmnd down to within two hundred and twenty-five feet an the west 
odgu of Manhattan Island. Other obm vurs along the East River were success¬ 
ful In making shnllsr observation* with the result that the moon's path bliuv 
New Yarkuty is accurately known. It la indeed surprising to find, such un- 
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HTrlrrH ty of opinion among untrained obaerven who were all witnessing thatr 
first ecHpee, Apparently it must be very easy to make up one's mind as to 
whether the corona is or is not visible. Similar attempts have boon made at 
former eclipses but have always met with failure. Nexus of the observers aaw 
the edge of the moon's shadow as it lay upon the ground in spite of tho excellent 
opportunity afforded on .account of the ground being comtdotely covered with 
now. Evidently the edge of the shadow la not sharply defined but tho light 
tapers off gradually'. 

The keen interest of astronomers in observations of total eclipses of tho 
son again mmniferted itself in the Dutch East Indies an January 14, 1936. No 
less tihan nine expeditions from Europe end America were gathered for the 
puipu ea of working ardently and enthusiastically far the brief period of four 
minutes. Three expeditions, numbering twenty people, traveled from the United 
States, half way around the globe, in the hope that during the prod Pus few 
seconds of the time of totality the skies would be deer and an opp ra tun ity thus 
would be provided for carrying out a wril-pbumed serins of observations. 

In recounting tho hhrtory of ed ip res in this memoir, repeated attention has 
boon drawn to the great ficklenea and uncertainty of tho weather especially In 
the tropica The weather in Sumatra experienced by the observers in 1926 was 
living up to its pocr reputation. Goods were the rule rather than the exception 
end rain was experienced every day. Where the writer was located in 

Sumatra far the 1901 eclipse the annual rainfall was 186 Inchon, or an average 
of half an inch per day. 

Few of the eclipse expeditions were rewarded with good woathor in this 
remotely placed ecttpm. Tho British party at Beukoolen on tho west coast of 
Sumatra had the beet hick. Their program waa almost exchudvely spoctroecopic. 
The instruments were 1 : (1) The 20-foot camera used directly far photographing 
the corona. By aUding in front of the object glass a direct vision prism, photo¬ 
graphs werto obtaiuod (tithe flash spectrum at the beginnixig and eudiug of totality. 
C2) The 40-fbot camera, used with an objective prism fax photographing tho spectrum 
fa the visusl region. These two instruments were arranged side by side and wore 
cowed with the sme shelter. (J) Tito aHt spectrographs, ana with a quarts 
prism far use in the ultra-violet and the other with a flint prism far photographing 
in the Infra-red. The prismatic camera with an objective of 4 faring aperture 
and 40 feet focal length utilised a 6-inch prism of 45 ° angle. Tho dispersion waa 
not great but the image of the am was four inches in diameter and "the photo¬ 
graphs gave a good deal of information in the region B/t to beyond Ha”. With 
the 20~faot lens and direct virion prism the region from B to Bfi was in bait 
focus, so that with the two prismatic cameras tn gwthw tha nation was covered 
from H in the violet to beyond Ha in the red. On. account oi the large image 
of the sun as a result of the large facol length of the cameras employed with 
both of there spectrographs the light of each spec tr al Un« of neoaeuty is distri¬ 
buted over a huge area. Unlere the focus of each spectrograph 1 is perfect, and 
the rering and transparency excellent, it cannot be expected thaf mch photo¬ 
graphs wttl show the faintest Unas of the spectrum of the chromosphere. 

The photographs of the aHt spectrograph far use in the red showed nothing, 
The p ist e s woe bat hed in dlcyxnine and such do not keep well with tem¬ 
peratures hotter than 20" C The riit spectrograph with quarts prism and 
■pecuhim mirror showed excgulslta definition from the H line to 1 3066 in the 
ultra-violet. This spectrum has permitted an accurate d e to rmlrmfinn of wave- 


1 Ota 49, P-139 (19sa»J HAS, 64, p. 10S (192?). 
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lengths. With tho bzdb s pect ro gr a ph photographs wero obtained of the coronal 
spectrum. The (tiarmainn of these photographs his mode a contribution of 
v<ry first importance to edlpse Hteratnra. 



Although the party hum Swarthmore (U.S. A.) (flg. 4) was looted not 
tor from the BritUi mBonknelan they did not fare quite so well with the weather. 
The expedition was under the lesdeohip of J. A. Itnxra 1 who was ahly aaistad 

* Pop Aafcr M, P. 349 




270 


nap j, B. A. Urcskll: Ecllpm of the Bon. 


dph. 7. 


by Director CtnmB of the Allegheny Observatory. Successful photograph! wore 
ascured with the largo camera at 65 foot local length painted directly at tho sun 
(fig. 5). The balance of the carefully arranged program consisted of photographs 
with cameras of fifteen feet focus (flg. 6) tar testing tho Ewstkui deflection and 
photo grap hs with emaTW cameras. CtnmB again used the short-focus cuncavo 
grating to secure the ffanh spectrum at the extreme rod end. On account of thin 
Komi and the detoiuratian of the plates stained with dkyanine no spectra were 



Tig. J. Sokr Cairns, Jxnwuy 14. 1936. P h otog r a p h *! by the SwAxrnuon CoDflgp Kx- 
padUoa with tarn of 9 tosh uMstaza sad 65 bat local length. Note tho cured ■tnaxuna 
and the erahee onr tapp faig prmnm e n aa. 

obtained. The measurement of the large scale ranwl pho tographs has given 
results ad the very highest value in testing the theory of Edvbtbim. Chabtjw 
Laxx Pooh has repeatedly called attention 1 to the fact that there is a possibility 
that the deflection erf 4",75 at the edge of the sen demanded by the theory of 
relativity may conceivably result from some other cause. In particular the 
pamage of the light of the stars into the shadow cone of the moan, where cooler 
tanpsutures are found, mi gh t pomfhiy came by refraction a shift in the stellar 
positions app r oxim a tely of the amount shown by the photographs of the ecH p ses 


1 J Can HAS 31, p. 325 (1936). 
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of 1SH9 and 1922. From a theoretical paint of view it Homed impoidble that 
refraction could be the canoe of this large observed deflection. Poor eoggeated 
that the moon itaelf might furnish the means of a practical teet. If the measured 
diameter cf the moon from acHpn photograph* agrees with the known value 
of the diameter of the moon, then refraction, by the coder layers of air in the 
shadow canning the ocHpao can not be the cause of the deflection of the light 



Wg. 6 . 81 iku Gama. January 14, 1936. Pbobvnpbod by tbe Bvarthmora CoOafo Kx- 
podltfcau Tha Wiapt la that a nd a taa with maxim m of wn-«pot». 

from the atari obaerved near the edge of the ran. The reraita from tbe carefully 
planned program of Miller and Marriott 1 will be taken up later in these pages. 

At the 1926 ecttpra, Straw at Harvard andCoBUom of tbe United States 
Bnraan of Standards were a gain working 1 together in attempting to measure the 
radiation of the ooraoa with the same apparatus with which they hid secured 
racceanful obaervatlonB in 1925* They were located with tbe Swarthmore party 
at Bcmkodan and were fortunate in securing measures which showed that the 
coronal light was 40 percent greater in 1926 than in 1925 , thus indic a t i n g an 

1 A J 38, p. 1CH (igu|, " Ap J 60. p. 65 (1W)> 
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apparent incroaaQ with sun-spot numbers. On account of tbo thin clouds the 
mrasnnnnents by the ndkxmetar were rendered Imponfblo. 

Hour rfAxruBO 1 waa at the bead of a completely equipped Italian expedl- 
tion which waa located In East Africa. The photographs of the corona 
by him wwe compand with those obtained In Sumatra. Many changes In tho 
coronal photographs were noticed giving evidence of changes In tho coronal 
flip mint lion. partiaibrriy In tbe domes which are such Intonating phenomena 
at each ecUpae. 

At this 1926 ecUpae, J. A. Ahdxbbox of tho Mount Wlbon Obeervatory 
was located at the ame site aa the expedition from tho United States Naval 
Observatory. The eclipse waa lost through clouds cowing tho ann tor tho first 
three minutes of totality while thin haze remained for the balance of tho oclipse. 
A large party from Holland was located at TaJangbetoctol, but clouds prevented 
observation*. FaruiraLiCH of the Potsdam Obeervntory on account of hazo 
secured few photographs of value. 

What a disappointment was in afrxe far the astronomers who attempted 
to observe the latest eclipse, that af June 29. 19271 Tbo ocUpeo track passed 
over England, Norway, Northern Sweden, the Arctic Ocean and Northeastern 
Siberia. Unfortunately the eclipse was a.wy brief quo. At Liverpool, England, 
totality took place at 5 h 24" AJf. and lasted only twaity-thrae anconda. At Far 
gtroaa, Ncnray, totality o cc ur r ed at 5 fc M" (Greenwich time) and had a duration 
of 34 aocnnda. Urtfartnnately the promise of dear weather was not vay great. 
In England, at the early hour of the morning that the ecUpao took place, tho 
njoat op tim is ti c estimated that the chance of dear weather was no morn than 
one out af three. In Norway away from the coast and farther along tho ocHpao 
track in Tjppland, the chancre af dear weather appeared to bo greater but at 
beat were no more than an even chance. It seemed almost foolhardy to attempt 
to observe this eclipse with each a short duration of totality and with tho chances 
of dear weather reduced to tho minimum. Still, nothing venture, nothing g»Jn 
It was certain that no great astronomical discoveries would be mado from cornual 
Investigations with this short duration. Howewitwas ray I m port a nt that a record 
should be made of the ecUpae, Far photographing tho n—h spectrum the abort 
duration of totality was no great drawback. 

The popular enthusiasm in England ^ma unbounded. England not 
wi t ne ssed a total solar ecU p a e for mare than two centuries and the populace 
was determined to see the wonderful phenomenon no matter how poor wuro the 
di a n cea of s n e ceaa . Nearly all of the British astronomers wore m tho qdlp ao 
track in E n g l a nd with wall planned expedltlona. A large and well equipped 
party from the Solar Physics Observatory of Cambridge, however, fareookEng- 
land far the greater promise of char anas in Norway and act up their equip¬ 
ment at Aal undo- the direction of H.F. Nxwall. Tho only largo expedition 
from the United States waa located in Norway at Ftagomre, oto hundred kilo¬ 
meters from toe Cambridge party. The American party from too T-iwnA y 
Me Camdck Obewatacy erf the UnivmUy of Virginia had a very ramplp fo 
equipment to photograph the flash spectrum with throo coocnvo gratings, usod 
without sUts in the attempt to recure the flash spectr um from tho oxtnme ultra- 
violet to toe Infra- red, th e platea far the region of long wnv*4fln g thii h Mn g 
w ith ne ocyani na. was a m e wl jer of the party at Pn g wmm with the 

Inalmuental^ultkiienthehadnaBdatthaeclipBaaoMpa; and 4tprt farTn«n«rfnf 
the radiation erf the corona. The aatranamara from Oalo were at Fagernea. 


1 Pabhl C 3 * Astr K. Uofr Bolofsa 1, p. 22> (igaQ. 
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Homeland had a long loam concave grating for photographing the flash spec¬ 
trum, Loot attempted to observe the times of contacts visually and by photo¬ 
graphy, S tOhkee had a numbs at cameras far photographing the c orona . 
A adentitic party of about forty were assembled at Fagcmes. Other parties 
were found farther along the eclipse track, mainly at Rfagebu In Noway and 
at Gftltivflre and Jokkmokk in Lappland. 

Both In TEngfamH mH In Scandinavia the weather before the was 

even much worse than had been expected. At Fagemee, fnateari of being dear 
far half the time, it had been cloudy far fo urteen days before eclipse day and 
rain fallen on n i ne of these days. It required one to be a fWfrfrd optimist 
to expect a sodden break In the weather conditions. In England In addition 
to the cloudy weather there were very high winds that threatened to ceny away 
the temporary Installations. At this date of tho year, June 29, and at the high 
northern letitudre, the adjustment of thw wrUpw* Instr umen ts had to be iccom- 
pUahed without the stars. At Fagemee (latitude 61°) it did not get dark at night, 
while Jokkmokk was in the land of the midnight nm. 

Edipso day dawned e v er y wh ore es a continuation of the cloudy conditions 
of the previous fortnight. Apparently only a miracle could save the situation 
pwi bring duar ■id**- The mlrarfa actually din take {dace in En gland at Giggles* 
wick where was located tho party from the Greenwich O b serv a tory 1 under the 
direction of the Astnsunur Royal, Sir F. W. Dtbon. Here the sky wis cloudy 
throughout the whole of eclipse day. However a hole appeared in the cloudy 
sky end lasted for a spare at two minutes only. The *ellf—d nm epprered.in 
dlls bine patch of sky and snccaref ul photographs vm secured 1 The photo¬ 
graphs show exquisite detail in the inns corona but the oubr corona was lost 
through thin liaxo. At Jokkmokk where was located the expedition from the Hsm- 
bnrger Stomwarto under tho direction of Prof. Hr. R. Sckouz, a similar miracle 
teak place, the sun at totality bdng surrounded an all sides by clouds. Sown 
was more successful than Dtbon, tee iky being without hase; the pho tograph s 
taken at Gi ggluewluk and Jokkmokk exhibit many brllUant promterocea. 
The hooded farms overtopping the prominences are ooaspteooua features. A 
comparison of the two photographs shows well miked changes taking place in 
tho time olapaod. Sonora's photographs show the corona to be of the maximum 
tr circular typo that was expected. The brilliant prominences and extended 
corona must have a garguom picture far tboee few fortunate souls who 
ware lucky aoongh to see the eclipsed sun under good conditions. Elsewhere 
■long tho track thin hose or heavy clouds interfered with the work or made 
the efforts a! the astronomers of no avail At GUUvare 1 in Sweden, there were 
several expeditions, the party from Uprela sec urin g photograp h s of the ccrooa 
and of tee flash sp e ctrum . These observations were partially interfered with by 
clouds. Snccareful photographs of tho A—h spectrum were seemed by Panne* 
cora end 1£innaekt, by yioasd and aleo by Baade. Othre publications d ealing 
with the 192 7 oclipne may be found by retertng to MN 88, p. 505 (1928). 

At tho 1925 oclipse, the attempts which were made to pbotqjraph the phooo- 
menon in color mot with partial soccere. At the 1927 ooHpre^ the British Poly- 
chromldo Co., Ltd., took a color film at Glggleswiok making brief expaenres 
every second and lengthening there to about 0,5 second as totality approached. 
The results sro described by the Astronomer Royal 1 . At Giggleswick the dura* 
ticn of totality was 25 seconds. For 27 of the exposures by the color film it may 

1 MN 87. p. 657 (1927). , , ^ 

> Krona, Die Hlnurekrelt, 37, p. 22 $ sad 244 (1917). 

• Drear, MN 88 , p. i« (1927). 
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be nid that the ocUpee wu .total, and far an additional two soconda at oach 
end Baily beads are shown. The corona and {romlnauces can bo traced oo tho 
limb of the son opposite to the crescent for a duration of 30 seconds both before 
and after totality. The anna shows on the film to be s omewhat blnlsh In color 
during totality. Outside of totality this blnlsh color appears rather reddish! tho 
difference in color being due to tbe process employed. The ebromoaphero appears 
quite red in color while the prominences vary from a deep to a whitish rad. 

Before totality the corona appeared in same placrn blnlsh and in others 
reddish. When totality commenced there was a continuous reddish arc of tho 
chromosphere on the east limb extending for about 130° with rad prominences. 
Tho chromosphere was visible on the film for 9 seconds aftro tho beginning of 
totality and reappeared again 6 seconds before the end of totality. On tho film 
the chromosphere was seen to extend to 3700 km and 2400 km on oast and 
west limbs respectively. Thk is much less than tbo heights ascribed to liydragen. 
Apparently the film showed a definite laytr belonging to the chromoqphcra 
which Is Indicated by the fact that the uhifann red diramoaphora did not show 
at the son's pales. The colon m the film do not agree with those aeon by tho eye. 

On account rf the short duration of totality tho bright Inner corona was 
left exposed beyond tbe dark limb of tbe moan far a longer space of time than 
is erdinartty found at a total edipse of the son. The remit of tills has boon that 
the corona was seen and photographed for a much longer stretch ol time onbddc 
of totality than is usually the esse. References to other features of tho i 927 
eclipse wlD be found el the appropriate places in the following pages. 

8. Future Eclipses. With these reemda of tho history of aclipsca of the past 
herewith brought to an end, we hoe turn our eyes (1928) hopefully to the f uture . 

The next eclipse to be observed is that of May 9,1929, visible in northern 
Sumatra, Siam, Coddn-Oiina and the HdHppines, the duration bring 5,1 rninutw. 
Already plans are mods way for this eclipse to be widely observed by astro¬ 
nomers from America and from Europe, On April 28 , 1930 a central ocHpso 
takes place. The track of this cuts into California somewhat north of 

San Francisco. The edijna is total here and totality continues through CnHfamlii 
and Nevada ixr about a thonmnd kflometera where the eclipse becomes annular. 
The eclipse track pa— northeasterly through United States md rnnnda, finally 
creasing Hudson's Bay Labrador. 

On October 21, 1930 the total eclipse Urn on the South Pacific Ocean, bo¬ 
ginning north af Borneo and ending at Patagonia, Fortunately a very small 
i sla nd is found In the path of the eclip se. No total ocHpao comes in 1931 . 
Tbe ymr 1932 wife roses the total ecHpas af Ai^mt 31. Tho path of totality 
crosses the SL Lawrence River northeast of Montreal, and after passing through 
Quebec, New Hampshire and Vermont comes to tho Atlantic Ocean in the 
southern part of Mafa*. 

This eclipse gives proaike of being anmmpaTriad by ntkhctay weather. 
Far this reason and for the Met that the aeUp* track Is easily «»-«—fob, it 
riumld be widely observed. In fact, for a d»mri» and more following 19)2 tho 
eclipses win be widely separated and difficult afaccero. The eclipse of February 14, 
1934 , will be vfcfhle in Borneo shortly after sunrise, and that of June 19 , 193d 
mainly in Russia and Siberia. The path of June 8, 1937 wfll ten almost entirely 
upon the waters of the Pacific Ocean. This wfll have the great duration of more 
than serai minutes. The ecHpuea of the future before 1950 are to be found in 
tbe following tabl e. For mare complete In forma h«« on arl lp aa^ pqt t and future* 
aee Ofkjlxcb, Canon der Flnsternisae or Mrr cnu. Eclipse* of the Sun, 
2nd Edition, page 55. r 
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For long rmngo prediction* of eclipses, astronomers all over the world tnm 
to Oppolzsil In this greet volume are given the elements of eight thoosend 
solar odipws and flvo thnmnnd lunar eclipse, all the eclipses, partial, total and 
annular, that have token place since 1205 B. C., or which will be aeen before the 
year of our Lord 2152. For all the total edlpaea of the sun taking place within 
thin long interval, charts are given showing the IncaHnns on the earth where the 
moan's shadow path win fall. In inch a man omental work It was poafbb to 
calculate and pint each total ocHpao far only throe paints, with the sun at s unri se, 
noon and sunset. Although in the main Offolsui's maps axe very reliable. Us 
position did not aoconUly fit the 1925 eclipse. Tho 19)2 eclipse gnaanted 
compHcations for tho reason that sunrise and noon paints fell not far from the 
earth's north polo with tho result that Oppolzkk placed the eciipae track further 
out into the Atlantic Ocean than have the later calculations. 

It baft bean computed that once in ewy )60 years a total odlpao on the avenge 
wfll bo vUhlo from any one locality on the earth. Yet in agate of the law of 
average*, sorno parti of the globe are visited by eclipsa in rapid s nc c e e rion . 
Spain witnessed the odlpsos of 1842, i860, 1870, 1900 and 1905. In the Bast 
Indies tho odlpnoa of May 18, 1901 and January 14, 1926 have boon observed 
and than of May 9* 1929 and February 14) 19)4 are in the future, while the 
path of September 21,1922 lay but a low hundred miles to the south. 

Threo total ocHpses have visited the United States within seven years, 
thoso of 1918,192) and 1925* and another wOl come in 19)2. After tills eciipae 
has passed into moraary there will not bo another total solar e clip s e that can 
be ooaervod anywharo in tho United States with the expectation of soccessfol 
results at any time within the balance of the twentieth century) 

Tho prawmt generation of astronomers, within the next fifteen or twmty 
yean will have few opportu nities of witiming total ec h paes of the son under 
conditions that promfao snccrasful observations. 

b) The Chromosphere, 

9. Introdu ctio n. It is no axiggerathxi to slate that it is mare diffkailt to 
secure a perfectly su ccffu l photog raph of tho flash spectrum than it is to obtain 
in excofiont photograph or any other single phenomenon attacked by astro- 
physical science. Wltrxwi the fact that since its discovery in 1870 by Yotnco, 
the fl**h spoc train has co n ti n ually been and still remains one of the most im¬ 
portant of all problems token up for min Han at each sou red tag solar ecHpee. 
It is now well over thirty years does 189) when the first photograph of the 
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flash spectrum was obtained, but in this interval of time, comparatively kmg 
when judged by the attainment! of modem-astronomy, then have boon more Han 
one hundred attempt* by varlona astronomers to photograph the flash apoctmm; 
and yet than ere not mors than ted! a dozen of these photographs which may 
be ccnsMere ti to rank ai flrzt quality. Of comae it la perfectly true that many 
of the attempts might have succeeded if It had not been for dnnda or thin 
or poor atmoaphaic conditions, yet the fact remains that the great majority 
of photographs which escaped the clouds have raftered from lock of per¬ 
fect dafintthm or from inaccurate timing of the exposures to secure tho low- 
lying levels of the chromosphere. 

The pkmeer work of the British in 4919 and the refined labors of the Lick 
observers and others at the edlpn of 4923 have verified 1 tho Enranmc prediction 
of flu bending of rayi of light by the son. Moreover, Adams" at Mount WTbnn 
in £ magnificent and spectacolar nwHw has c o n ti nned the principle of relativity 
from the sp e ctr u m of the companion of Slrlna. There still remain many doubting 
Thomases who are yet unconvinced end who will contlnne to esny ont In¬ 
vestigations at the times of solar eclipses to aoe whether tho ofasarvod deflections 
af s tellar rays near the edge of the son cannot be explained by the Newtonian 
law of gravitation, supplemented by refraction and other known canm without 
the n e o B Mlt y of invoking the aid of Edcstedt and Us Interesting theories. It fa 
mA*+A fortunate for an indent and dignified but progrwtve •rtrmrm jjim astro¬ 
nomy that we are not too prone to discard the old and toko on tho now theory, 
ovoi whan «wnfag from such a master-hand'as that of Enrnxnr, It Is well that 
we have conservative astronomers and even those who are reactionary. Wo Book 
the truth, and the truth shall set ns free. 

None of the eclipses of the next decade or two will bring In Its train tho 
splskUd c nndltVxi s erf observation that who experienced in Australia In 1923. 
We on therefore hairfly lode forward to any further triumphant attack on the 
Enamor problem which may be accomplished at eclipses within tho Hfotimp of 
than astronomers who are now in the jxime of their life and at tho peak of thdr 
spfan li flc r rw . 

Our knowledge of the cornua has advanced with infinitesimal alownoas 
doe to die pandty of time available for Investigation and tho fanhliw of tbo 
Ughi of the corona. It therefore seams to the writer that at tho promt time 
the most important contribution to modern astronomy which can bo n»hHn^ 
through observations erf total solar e d l p sre Is the investigation of the spootnun 
of the ch romosph ere. The m fa tin nearest of the stars and It fa tho only 
star which permits us to examine In detail Its atmosphere at the time of a total 
eclipse. In the stare we find celestial laboratories, where very high tumpar&tures 
end very intents pressures are exhibited which cannot he n pp m rimato d in our 
physical laboratories. E c lip se observations of the chnanoipharo sup pleme nt 
those made In the dally work with the s up er b equipment of tho Mount Wilson 
and Kodafkansl Observatories, and these eefipse observations are of the grata* 
importance in the attack an the str u c tur e af the stem in which tbo 
of astronomy, physics end chemistry hew joined hands. 

Before taking up the objects of investigation by means of the flash spectrum. 
It will be well to again pare briefly in review the history of our knowledge of thfa 
subject 

The flaA spe ctru m was flat d isco ve re d by Toaxo at the odino of 4870. 
The explan a tion was given that the Fbauxhdrb Hub of the ordinary yniw 

1 Bn pegs ajA 

* Cfca «, p. 337 ( 19 V); Mt Worn Comm. 94 (1935). 



atph* 9 . 


Tba Chr ou nMph au . 


277 


apectrum take their origin within the "ravundng layer” which must be a shallow 
jwil of a, few hundred kflametm thick, alnce the duration of the flush ■pwn t mm 
ia ao brief. At the piumt time we have only alightly modified the original ideal 
of Young. We atlll firmly believe in the sxtitminft of the revenbg layer within 
which the vast majority of the Fkaunhoker tinea are ravened, bat the ravening 
layer la not a separate entity existing distinct from the chromosphere bat most 
be regarded as the densest part of the chromosphere, lying low down cloae to 
the edge of the photosphere. The term "ravening lays-* 1 is still a rey useful 
term in describing tho low levels. As we have seen in Chapter a), LocacYXR denied 
altogether the odatnoce of the reversing layer and averted that the ema was 
merely the outer, ram and cooler potion of the chromosphere. 

As has been stated in the foregoing chapter, the solution of the question 
hinged on whether or not the flush spectrum was the reversal of the ordinary 
spoctrum of the aim. The problem had to await tho coming of photography, 
until a permanent record could be secured which conld then be era mined leisurely 
at times other than the few excited enconda of the appears non of the flash. The 
tint photograph was secured In 1093. whon 164 chromospheric lines appeared 
between F and K. In 1896, Shacxlxton obtained a still better photograph 
exhibiting 464 lines in the sure region of the spectrum. Lockysr called attention 
to tho fact that the 1096 photographs showed a reread of only eight potent 
of the tinea In the Fhaunhoyxh spectrum. As already painted oat, the small 
dispersion and pom definition of tills photograph of 1896 made impossible any 
adnrpiafti compnriaons of tho two spectra.. In 1898, Evdshxd obtained much 
hotter definition, and in 1900 both Bumhih and Drew aec nra d excellent 
photographs. In 1900, gratings both plane and concave, woe tried and also 
with mid without atit, bat tho duffel Hon af none of these photograph! equalled 
thoao of Dyson and Evxk&hed taken with prisms. In the following year in 
Sumatra in spite of thin clouds that covered the sun throughout totality, 
Dyson with a prism and Mitchell with a plane grating secured ■ o cr.ffnl 
photographs. In 1905, Dyson at S/ax, the Lick observers at Alhamt and Mit¬ 
chell in Daroca secured photographs of the flash spectrum. Dyson used the 
apparatus successfully employed at the octipsas of 1898, 1900 and 1901. The 
lick party ntitiaod a prismatic camera with moving photographic plate. Mit¬ 
chell had success with a concave grating without slit 

At tho eclipse af 1914. Ahetii photographed the flash spectrum without 
silt At tho cclipao of 1918, an account of wido-spread daada, the only photo¬ 
graph seemed ait tho flash was by H. C. Wilson 1 . No attention was paid to 
tho flash spectrum at tho ectipaos of 1919 and 1922, the Enmncnr problem being 
of paramount Importance, Tho only photographs of tho chromospheric spectrum 
obtained in 1925 were in poor tea. 

At tho oclipao of January 24. 1925. CuKns and Bunns* with a concave 
grating of short fool length ( 87,6 cm) and 1421 tinea per mm obtained photo¬ 
graphs in the infra-rod by staining the photographic plates with dlcyanine. 
Tho spoctra warn of comparatively small dlspaslan af 80 Angstroms per mm. 
About one hundred linos were m ossu ml b e twum the D lines and 28807, the 
wavo-longths being published only to the neazsst Angstrom. At the same eclipao Mit¬ 
chell ntillsod tho same parahonc grating with which be was socceraful in 1905. 
Tho photograph of a normal spectrum with a dispersion of one ndlU- 

motar equal to 10,8 An g s troms and the spectra extended from 2 5500 In the 
violet to about 2 7200 in tho rod. On account of tho low altitude of the sim 
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of only 17* and the ocmaaqiimt poor Bering, the spectra did not have tho npUmdiil 
definition of the 1905 spectra taken with tho aune grating. The details ot Liu* 
measurement of these spectra have not yet been published. At the same ctJ1[h* 
Axnusoir of the Mount Wilson Ofaeovatory obtained photographs of Ilk- 
flash s p e clium with a 21-foot concave grating, and these spectra also exhibit tin* 
poor qualities of the seeing. 

In 1926, Davidson mid Stbattom secured 1 successful photographs wllh 
a sUt spectrograph giving excellent definition from l J 066 in tho vidut to Hu* 
B ttne. With a camera of 20 feet focus and direct vision prism tho region jilHitn- 
graphed extended hem B to Bft, and with camera of 40 fbet focus and prism 
of 45 * the region was farther extended from Hfl to the rod boytxid Ha. Tim 
photographs taken with the two prismatic cameras were naturally taken witlxmi 
sUt At the 1927 eclipse, photographs of the flash spectrum were socurml l»y 
Pakhkkodc and Minnakst 1 , by Baade, by Vegakd and by Ldidblad. 

10. Instruments and Methods for observing the Flash Spectrum. At nil 
edipre, the flash spectrum may be observed visually or photographically, bnlli 
with or without silt, and by means of jxiams or gratings. The typo of s]metro- 
graph utilized depends very largely on the particular problem the eclipse oJworvtT 
whiles to attack. It is necessary to emphasise again and again the very grout 
importance of securing a focus of the highest degree of perfection in attempting 
eclipse observations. As already hai beoi stated, one wy prominent anil un¬ 
fortunate feature of eclipse spectra in the past has been the continued anccnwkm 
of photographs of poor definition caused by indifferent focus. 

The sp ectrograph which lends itself moat readily to the cosiest and Bhaquwl 
focus under the temporary conditions of eclipse observations is undoubtedly unn 
used with iHt For this purpose It is poaible to take bodily into the Held tho Htrllur 
spec tr o g raph that hai boen thoroughly tested and tried out in regular work In Hhi 
obmatoy. This type of instrument is universally a jrism spectrograph with 
prisms of the very highest quality. It is readily possible to dismount the npocln»- 
graph at home end mark carefully tbe pod Ilona of the focus for col H motor oikI 
camera. It is the work of a short while to again assemble tho spectrograph nL 
the eclipse site, and since the whole spectrograph is light in weight and cosily 
portable it cut readily be picked up and sat down anywhere. Far instatin', 
it is readily posable to test the focus thoroughly by tbo use of the electric nro 
or by taking a focus plate of the daylight sky. At the time of the udlpnu, imrii 
an instrument is ordfoarfly used with a heBustat or coolnatat mirror anil with 
the employment of a lens or concave mirro r for forming an image of the nun 
o n the s lit of the spectrograph. With such a type of spectrograph an udl]M* 
observer should be abnhitdy certain to secure spectra of the chro^wmpiuvn 
in excellent definition at each and ovary eclipse where drmda do not Intorien*. 
The only chances of failure with such an instrument are poor focus of the apuctro* 
graph and firfhira to keep the f y tin" of the image of the sun ■rinrinH for ohnv- 
vatioo on the dlt at the time of the eclipse. Any observer aMWl in observatory 
mani pulati on through long yean of h g nriHn ga sHt sp e c tro graph nhp nlH bn njdrnn»l 
to admit that the focus was poor due to the !■«* of earsfnl methnda of adjust¬ 
ment There is however n™ if a ■HTinH astronomm fatty to keep the dll 
of the spectrograph fill ed with light, for the reason the lew momenta <if 
an eclipse tie very tense and excited, the light at totality is faahle and after all 
even on rffl d ent observer must it some tJrna in his career sea his flrat total 
eclipse — and be will have few op p ortuni ties of nlhiirali^ othraa. 
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It 1 b ranch more difflcnlt to recuro sharp focus of the chromospheric spectrum 
without a aHt, either by the use of a prism or grating. SUtlesa sp ectrographs 
of the power noceasaiy far the flash spectrum are practically never used as each 
in observatory or laboratory. When an astrophysicist jjans to observe the 
flash spectrum with prismatic camera, he looks around In the obaervaixxy among 
tku umuod pieces at apparatus In order to find a camera of apfxojalate apature 
and focal kngth that may poaafbly be ml table for the purpose, and then ho 
■Rnrrhnw far a prism ar prisms that may be comKned with the camera that 
will give a dispersion approximately satisfactory. An attempt Is then made 
to mount prism and cexnm. together, though this is amnetimea left until the 
site of the ocllpao la reached. At best the equipment is a makeshift with which 
the astronomer has had little or no caper knee. 

Although the writer has never had ranch experience with each an instrument 
at an ocllpw, It Hearns that it must be far easJa to obtain sharp focus with jxk- 
matic camera then with grating, plane or concave, used without sUL It is ne- 
cuwry to focus for parallel light. The prism may be removed and the camera 
focumud cm thu stars or by other methods well known to every practical astro¬ 
nomer. When, this is well accomplished an several nights, the prim can thgn he 
placed in front of the camera lens, and emmera and prism adjusted together so that 
thu desired light will fsll on the photographic plate. However, since the focus 
for blue light la dlffsent from that of the red end of the spectrum, this m et ho d 
\vfil gtvu only a first approximation to the fbcua and the r efi ne men ts most bo 
accraupllshod by othv methods, nsoaliy by tilting of the photographic plate. 
In 1936, the British used an ingenious device. As already stated, the came o, 
of 30 foot focal length was used In a dual capacity. With the direct virion jxism 
slipped In front of tho lens the flash spectrum was photographed, and with 
thu prism removed the corona was photographed directly. 

Onu method of nearing the focus of lUtlese spectrographs frequently em¬ 
ployed In tho post has been to make the final sdjustmoitB by utilisin g th espec- 
trurn of thu rilmppcarlng enwesnt of the sm a few mtautea before totality. During 
thu cxcittsnamt and nervous twirion of tfaeae momenta, a perfect adjiwtznmt 
am ba obtained in this manner only aa the result of a happy accident, — and 
tills mutliod HhmUd never bo rosrated to under any rii ^ni'Stsnrrm. Fo r lnatr n- 
iramtM of sinnll dfciwrakii, the light from a star may be utflted for wearing 
Uom, If hajipfly inimWght »t»r b eonvmimitly 

of thu irruatust dlspefrian the spectra, even from the brightest of thestsra are 
too wuakTFre Inigo instruments there is accordingly kft only the po“Mhtyof 
isjcurlnR focus by tho employment of some form of enxfilaiy apparatus that vrifll 
nroducu a i*ral£boarad^tfeom aalitaoraw. TUsimybe tratedootoathe 
SHlSdf several days before the 

tlw electric arc. (Ttw method of using such a device will bo pvp i aiivd kter) 
WhciT planning tho tat typ. of tatmment far th e jtatognjj* yj.tJ* 
[tali qiuctiiiiii ono rata mate . 

.w-lon it tacvkEttSui flm information shout Intensities of the 

o^LTchoto th,t b “* 

Iffl^Ss uTtho dmrawtphcrlc spectrum of the M&at importance? 
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If the Is in th* affir mative, then it might aflWTT\ that we wlym M 

adopt a flUt spectrograph. With equal dispersion and equally sharp focus tho 
wave-lengths derived from a aHt spectrograph will however bo superior in accuracy 
to thoae with sUtiaas Instrument* only in the measurement of the strangest 
Hues of the spec trum . If the observer ia careful to place the nil tin spectro¬ 
graph in aprl 1 a pmdtinn that fly tangwnt* at tha centers of the chwtnqf p m ^ 
ana lie parallel, to the lines of the grating or to the edge of tho prism, or in other 
worth, ao that the spectral lines are perpendicular to tlio length of the spectrum, 
then there spectra an sharp and dmr-cut and wavelengths can be determined 
with high precision With the strongest lines in all spectra thorn is always a 
spreading erf light en the photographic plate by irradiation. If a slit is employed 
thfc spreading is fairly symmetrical, while without a sUt the spreading is not 
symmetrical due to die elevation of the heated vapor above tho sarfaco of 
the photosphere. SHtleas spectra of the chromosphon consequently demand 
greater eipfrimc n and judgment in the person who moosona thcao spoctra. 
with the raanlt that the predrion of the wave-lengths wDl depend to a large 
measure an the skill of the m^on im in his ability to allow for tho effects of 

irradfatiran. 

With the mall amount of light avaflahle at ecUpaea and tarlof expos ure s 
of a few aocnnda. it is possible only to utilise a dispandon small in rise when 
compared with the much greater cUspmkm in the every day solar Investigation, 
such aa are carried out with the 150-foot tower telescope and 75-foot spectro¬ 
graph of tiie Mount WQaon Observatory; A disposkn of about 5 Angstroms 
to the mflUmeter is about the maximum pomfhln with the flush spectrum and 
this permits an accuracy rf wave-lengths of about (MB Angstroms. Such an 
accuracy is modi inferior to that employed in ordinary solar work, and ia not 
anfflrimtly high to psmit the determination of ayitonktic differences bctwmn 
edipae wave-lengths and those taken under ordinary solar condltkma. Accord- 
ingly these wavfrJoogtha practically can serve no other porposo than the Identl- 
ftwtinn of tines ft* accurate c nmjmriarsi a with Rowland's fo order to 
determine the aourcea w h ence the s pec t ral Wtw originate. 

Aa a matter of fact, no photographs of the flash spectrum taken with a sUt 
have furnfahod more accurate wave-lengths than there of tho 1905 odlpso 
by concave grating without slit, It therefore appears open to qtustton whether 
•poctragraphs with silts will gtve wave-lengths of greater accuracy than *h«n 
i the ditlere variety. 

At an edipae, the aUi may be placed radially or tangential tn tho odgo of 
the sun. If p la c ed in the former pnaitinr, tiie fact that the ruvursfng layer is 
very shallow wmld permit a very narrow spectrum only, and It ia concdvahly 
porefble that a mountain cm tiie mo on which might happen to bo projected on 
the sUt might cover up most of the image of the revsstag layer. Consequently, 
die rit ia generally p la c e d tangent to the sun's limb, but an must never forget 
that during the few excited momenta of a total odlpre it la dtifVmU and well- 
nigh impareffale to be certain that the image of the run formed by the projecting 
loos ia always precisely tangent to the aUt. Even if this wen poaiUe, tho re¬ 
sulting spectra, could give tittle Information as to whether tho rectlan photo¬ 
graphed was dare to ar far from the surface of the photcephae. It ia true that 
preamt-day reaearchea regarding the flaah a p e ctnuu demand largo dlspcnkm 
but a choice mat be made and care exercised that there ia H£it uough from 
tiie chromosphere ao that too great dispsraion is dot used. At the ecfipn of 
190ft the work of the United States Naval Observatory party showed canrinatvely 
that a 2t -foot amove grating used with slit in the ordinary Howlajto mounting 
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gave too much dlapanlon and too little light, and It la safe to say that no ahnUar 
attempts will be made in the future. 

It b therefore the opinion of the rant writer that wave-lengths of the 
chromosphm can be determined fay ant spectrographs with an accuracy that 
is solittle an improvement over then with ahtlesa instruments that to allmtsntB 
and iw i rjM ien s the accuracy la equal in both typea of Instruments. 

If therefore we Mams that both wave-lengths and Intensities of the spectral 
lines may bo determined with equal accuracy with aHt and sUtlera instruments, 
the choice of the best type of spoutrugzaph for the flash spectrum most be decided 
by the ability of die two different types of inetzumeita to give information re¬ 
garding tbo heights to which the chromospheric vapors extmri shove the 
■nrfnoH of the photosphere. Hie can now be in the poreible 

manner. Spectrographs without slits give vastly more inlonTmtfrsi shout levels 
than can bo derived from any poralble form of slit instrument. 

It is, accordingly, the firm- opinion of the writer, who has obsaved seven 
total ecHpaoa stretching from 4900 to 1927, and who has confined his attention 
at ecttpBoa exdnrivdy to the photography of tho Hash spectrum, that an observtr 
who chooees a Blit spectrograph to photograph the flash sp e ctru m deliberately 
thrusts to one side the moat valuable information that can come from the chromo- 
epheric spectrum, namely, the heights to which the vapors extend above the Bun's 
surface. On the other hand, it is well not to forget that such a spe ct rograph 
with sUt readily permits a more accurate and reliable determination of good 
focus under tho tempor ar y condltfona of octipre observation than Is poarffafo 
with any farm af sUtian Instrument. It would therefore perhaps be good advice 
to say that if an astrono m er is to observe his first eclipse end wishes to do some 
work of value he bad hotter try to photograph the Utah spectrum using a sUt 
apoctrogmph with a dlapaion of three ob° prism* i. e„ shout eqnal to that 
of tho MUis spectrograph of the Lick Obcrvatnry or the Bruce of the Yerkes 
Observatory. Par such work it will be well far 1dm to confine bis attention 
to tho blno end of the spec trum cm account af foe greater dispersion of Us 
spectrograph in this region end oa account of the greater number of Unci In 
tho flash spoctrnm. 

Tbo dudeo of tho boat typo of aHtloa instrument to uao for the photography 
of tho chromosphere naolves itsolf into a choice b ulw e o n foe prismatic esnm 
or a grating. Koch typo of instrument has its advantage and each its disadvantage. 
Tbo great advantage of tbo prism is the greater llghtgafoaing pow er, the light 
bdng concentrated In nno spectrum, but oft foe other hand the grating pnarans 
many points in its favor. Tbo Hnoa in tho prismatic spoctrnm are crowded 
together at tho rod end end wkkmart ant at tho bfajo part of foe spectrum, thus 
an tailing much difficulty in the determination of wavo-lengths. The grating 
gives a normal spectrum, permits of higher disp er si on, especially in the red, 
and givw higher resolving power, & larger orient of sj p a c t mni end jrobahly 
bettor doflnlttnn. Grating* either piano or coocavo may be used, but with a 
flat grating a ions became* in h i 11 iy to bring tho spectrum to a focus, end such 
a Iona intnxlucm aberrations and absorption of light, end consequent 1 tm af 
dofinitiofi. Tiro arrangement of the direct concave grating without aHt is of 
tho greatest simplicity. Tho light 1 from tbo sun foils directly from the coelostst 
mirror cm to tho grating wfaoe It is diffracted and brought to a focus cm the 
photographlo plate. If th e grating and the photographic plate are each perpen¬ 
dicular to the radius of foe grating, then t£e spectrum Is normal, or to speak 
in more escact tnrmn, tbo spectrum departs very Httlo from a uniform scale 
of wavelengths. 
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Used in the ordinary Rowuuro form of mounting in the laboratory, one 
of the well recognized advantages of the concave grating is tho p ro pe r ty of 
"astigmatism”, whereby the spectrum lines ere increased in length. If tho 
astigmatism should be of approximately the use amount when the concave 
grating is used without aftt, as when used with slit In the laboratory, than si 
a result of lengthening oat the chromospheric lines, which are nocoHiuy carved, 
the definition would be rained. Consequently, in making plans for 1900, when 
concave gratings were need for the first time at an eclipse, tho Navul Obser¬ 
vatory party did not daro attempt to rue a coocavo grating without slit. Tho 
tncceafol photographs of stellar spectra 1 secured by concave grating tund ob¬ 
jectively showed however that these fears were groundta. Moreover, Ruxgx's 
discasslon of tho theory of the concave grating, in Kayheu’s "Handbncli dm 
Spectroscopic", vd. 1, p, 450 (1900), proved that the amount of astigmatism 
far a concave grating used in the objective form would bo so minute that H 
could have no harmful effects on the definition, of tho spectra. 

As already stated, if one is attempting at an eclipse direct photographs of 
the corona on small or large scale, the photographs are not nttoiy mined if 
the focus is not perfect or tin seeing not of the finest quality, since the details 
of the corona are nebulous in their nature without sharp outlines. But with the 
flash spectrum the definition most be of the very finest quality. For obtaining 
focn* with the concave grating at eclipses up to end including 1927, tho writer 
used a collimator designed by Jewell for the eclipse of 1905. This consbtod of a 
■fit at the common teens of two concave mirrors, lenses not being used because of 
thdr chromatic aberrations. Several methods of placing tho silt at the enmiwm 
focus of the mirrun will at once suggest themselves to any ingenious acHpao 
observe, one of the simplest being to utilise a telescope of medium size (say, 
of five Inches aperture) which has been accurately focussed on the stars. At 
the eclipse of 1925, the writer hid all the fadHtlea of the Van Vleck Observatory 
■kindly placed at hk disposal by Director Slocum, and si a result tho adjust¬ 
ments of the concave grating p roceeded with esse and exactnon. Tho grating 
was mounted in one of the roams devoted to physical investigations. Kora 
were two pien so tint the grating box was isolated from tho floor. After ad- 
justing th e coffl mator with care, an electric arc was then employed as sonreo 
of light. Sfxhby carbons were used since these give a spectrum rich in lines 
throughout the whole extent of wave-lengths. The concave grating was the” 
adjusted and facn a reri visually and the photographs were msdo until tho best 
definition powrfUe was attained. White this was proceeding tho installation 
was bring prepared far grating and coelnstat outside the observatory at the 
base of the dome of the 20-izvh refractor. A temporary wooden shelter was 
erected to protect against the wind and weather. Tho GAxanrxs wwln^at 
be l ongin g to tho United States Naval Observatory, used at savers! wnti pw, 
wes again employed. The box with grating in position was cairiod from tho 
labo rat o r y and everything was placed in adjustment for tho position of the 
sun at the time of the eclipse. On account af tho fact that Mddlotown was not 
<m the central fine of totality it was necessary to tilt the grating 
at two different s ngiia for first and second flash so as to have tk lira of the 
spectra perp mdicnl s r to the length of the spe ctrum . When these adjuitnmta 
had been acremplkhed to our liking, the grating box was again moved back to 
the laboratory and additional photographs were mads far teens, The plates secur* 
ed showed pafect definition throughout the whole spe ct r um from dnW tn j yj , 
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Tho grating in iti box remained in the laboratory until the day before the 
eclipse. Than it was very carefully carried out and placed in altn hr tha eclipse 
in order that the ssiitants who were to help at eclipse time could practice in 
’Changing the plate holder and shifting the bur from ita pn»JHnn at «w «n H contact 
to that necessary for third contact The drills were carried out so thoroughly 
that at the time of echjae everything paved off without a single hitch. Aft* 
seeing five eclipses under summer conditions of temperat ure , varying from 
Hay 18 to September 10, I eras observing my first winter ocllpee. On file 
morning of January 24, 1935* the minimum temperature was —2i * C and at 
the time of the eclipse was —18° C. What would the change of tempoatnra 
do to the adjustment! of the concave grating? They had been perfected at 
the temperature of the laboratory, at about 20 ° C, Also would the cold 
weather warp the coelestat mirror? The minor had porpaeely been left in 
the cold ovar night and also the grating. If time had been available check 
photographs might have boon taken — but there was no time left and the eclipse 
could not bo postpo n ed. 

It goal without vying that the grating spectrograph must be very firmly 
mounted on solid piers of masonry or heavy timbers in order that the tremon 
of the apparatus canned by the wind or by the changing of the plate holder* 
may quickly subside. It is manifestly impowfble to mount such an instrument 
of largo clispondon on an equatorial mounting, or on a polar axis, with the grating 
in conaoquencc directly axposod to the sun's rayi. This method would indeed 
got rid of tho codostat mirror with Its poedble change in figure, hut If this plan 
were followud, it would probably bo a on of “from the frying pan into the fee". 
In 1935. tho films naod with the teO-foot grating were I 1 /* x 14 inches coated 
by a special emulsion to give as uniform an extent of spectrum and ea far Into 
tho red es piwsiblo. The omulskm was kindly prepared by Dr. C. E. K. Mm 
-of tho Kastmak Kodak Co. Six films were placed parallel in a single plate 
holder, and with a Httlo practice it was poadblo to shift quickly end quietly 
from ono film to the next. 

At tho 19 27 ocUpso in Norway tho writer employed three concave gratings, 
two of thuso I wing of IS 000 lines to the Inch, one of tour inches, the otfc* of 
six indies aperture. Each was mounted horisontally and was used with co cl ost nt . 
Tho third grating kindly leaned by H. D. Cuxna was need by him at the ecHpeee 
of 1935 and 1936- This was tor photographing in tho infrm-red, the plates being 
stnlnod with nancyanino. This infra-red sp ectrogra ph was mounted on a heavy 
polar axis belonging to tho Allegheny Obeorvutory and used at the two preceding 
eclipeoe. 

It is lmixmlblo to exaggerate tho importance of aoenring the photographs 
of tho flash spectrum at tho proper Instant of time so as to secure the spectra 
-of tho layers of tho chromosphere as doso to tho photosphm as possible. At an 
edfpSQ, there nro two manifest a ti on s of the Hash, ono at tho beginni ng and one 
at the und of totality. Before tho baginning of tho total eclipse, the Fhaox- 
hovkb ilnus persist as long u there is any portion of the photos phere vi sible, 
but when tho moon entirety covers the son's surface, or at the vtxy instant 
of tho baginning of totality, there is the sodden reversal of the Fbaukbork 
spectru m to that of bright fines. If one watches the phenomenon visually with 
some form of spectroscope, be will see many of the high-level Unas reversed several 
minutes bo fu r u totality, particularly at file cusps. Than are two methods of 
aecnring tho photographs at the p ro p er times. One is that fallo wed by t he Lick 
Obser v atory expeditions of rising a moving plate with the spectrum narrowed 
in width by an auxiliary slit placed dose to the plate. By this means exposures 
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may bo started before totality and a continuous record may be roado at tbo 
appearance of bright fines at aooond contact. The moving plate has eomo groat 
advantages In a photometric study at the fines at the flash spectrum. Tbo spectra 
obtained at the 1905 eclipse by the Lick party have been dbcnraod by E. F. Cah- 
rams 1 . Unfortunately, at the time at the eclipse no photometric squares warn 
I mp r es sed upon the plates 1 with tho remit that Cabfxxtxb had no proper photo¬ 
metric ecale with winch to reduce his observations. The method is a very promis¬ 
ing one for the investigations of the variation of intensity at the throroaqiheric 
fines with heights. Cabpxktxb finds that the H and K lines at cnldnm are 
winged up to a height of 600 <r 700 km. One objection to this moving jdato 
method Is that the portion of the spectrum that goes through tho silt might 
perchance not be a rapramtative section at the chromosphere due to a moun¬ 
tain on the moan being projected on the slit It Is conceivably poarihle that cm 
fids account the lowest levels at the chromosphere might not be found an the 
flash spectrum. Moreover, on account of the brief exposures available, it will 
be difficult to photograph the low-lying fines on a moving platn. 

Another variation of the moving plate la obtained by tho uao of a cinema 
or movie camera, and with a prism for forming the spectra. Such an arrangement 
was employed In \918 by Fbost In Wyoming. The disadvantage of thia mothod 
la that It la difficult to use other than the regular commercial movie films 
and thrir she la so small that it Is p"—to bring under investigation only 
a very Hud ted portion of the spectrum. 

The plan for securing photographs at the proper times fallowed by the 
writer since 1900 is an old famlfiir one. A pair of old-fashioned binoculars with 
large aperture Is used. Over the right lens a direct vision spectroscope Is employed, 
the mast convenient farm being a replica grating. With a pair of Unoculara 
end such an attachment, it was posriUe with the left eye to watch tho dbappeer- 
tng crescent of the son, shie l ding the eye, if nrrr—ry, by smoked glam, while 
with the right eye the rnnimion lines could be watched as they appeared one 
after the other with the approach of second contact. Armed with tmnthe first 
flash can he observed and the exposure started with great nicoty. Bailyb beads 
complicate matters. Generally speaking exposures should start os anon as the 
beads appear. For the second flash the exposure should begin at least five ur 
more seconds before the calculated end of totality and ■hnnld tarmJnata with 
tiie first trace of the reappearing son. In photographing the flash spectrum at on 
ocflpae it Is evident that the important photographs are two, one at tho beginning 
and one at tho ood of totality. Ordinarily, additional photographs are rondo, just 
before and immediately after totality, for the Fraukhoter and any omlwdon lhw, 
During totality, several short exposures are given, just of tar tho first flash and 
again before the second flash, far the vapors of greater akvatfan, with a long 
ex p osur e at mid-totality to obtain the spectrum of tho corona which ap pear s 
as a series of complete rings. Such photographs of the coronal spectrum, owing 
to tho in-d efined outlines, do not permit of wavelength determinations of the 
highest predskm, far tine can be eccompHshed only by the uso of a slit spectro- 
graph. It need hardly be added that the times of first and second flash, rccordod 
preferably cm the chronograph, will furnish excellent observations of tho Him 
of beginning and ending of the total ph«p« of the oclhwe. 

It will not he necessary here to e^dein in further debifl the methods followed 
in meamring and dbcuming the flash spectrum. Such details may be second by 
referring to Astrophysical Journal, VoL J8, p. 407 (4913). to Publl- 
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1 kfinKL, Fop Aatr 36, p. 604 (4938). ^ ' 1h 
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cations of the Le&nder Ifc Cormlck Observatory, VoL II, pert X ar 
to ICitchkll'b Eclipses of the Sun, Chapter XH1. 

11. Differences of Intansltlee b et we en the lines of the Flash Spectrum and 
of the Fiuumna Spectrum. Tho mast pronounced difference between the ebramo- 
spheric and FaAPi m om spectra. Is frond In the great dfffmices in the intensities 
in the two spectra. The intensity of a spectral Hne depends both m the width 
of tho line and blacknea of its image an the photographic plate. It la unfortunate 
that in all spectra, whether of dark or bright lino, whrfhm determined in the 
laboratory ar in the observatory, the ordinary need lor the designation of 
relative intensities is a purely arbitrary one, where the strongest line in the 
spectrum is represented by 10, by 100 or oven by 1000, while die weakest Hne 
receives tho number 1, or 0, 00, 000 or even 0000, is in Rowland's Atlas. Such 
sen tee being arbitrary are seldom uniform and it is consequently very difficult 
to compere the values of the Inbmsitias of one sp ec trum emignnd by one observer 
with those of different sp ec tr a investigated by other persons. Intensities may be 
measured by a mlaophotocneter, snch os have been designed by Komar Moll or 
Schtlt, bat it is always a qnatkm- to know whether the gain in accuracy in 
moesming tho intensities always pays tor the extra labor involved, specially 
whan tho measured Intend tk» most perforce be compared with estimated Inten¬ 
sities in other spectra. 

The reasons for the characteristic differences in intensities between the 
dark lino Fkaukhotxr spectrum end the chromospheric spectrum will be evident 
on a moment's reflection. Consider a Fbauhhqkr Hne earning from the center 
of tho nun's surface, and ammo that the absorption is censed by a ravening 
layer 500 miles in thinknres. Tho light coming perpendicularly friin the photo¬ 
sphere can bo ahubed only by the atoms in this 500-mile layer. At the time 
of a total odlpso, the light of the chromosphere tangentially from the 

son's surface, and not perpendicularly, wire the result that the chremosphaic 
light is affected by a depth of 30000 miles of atoms. (The Hne of sight from 
a layer 500 mDes In thicknen pesos through 30000 mflee of solar atmosphere 
when tangent to tho sun's surface.) This has an important bearing an Saha's 
theory of imri—Hrm , m will bo explained later. 

Moroovur, let us conddar two different elements, in tho son's envelope; 
one of than elements has a low density and nxtwnria high In miles above the 
sun's photosphere; the other element is heavier and its mnlncnlm In c ons equence 
are contained in a shallower layer about the sun. It is easy to Imagine that the 
absorption canaod by the raoknulea in the two laven of gases under consideration 
might ho tho aune whore tho Hght passes radially through the gases, tor In¬ 
stance, coming from the sun's center. Under them drcnrastances, it la probable 
that the two gam would give lines of equal in tend ty in the FaAuiream spec¬ 
trum. At tho time of en acHpso, however, the azpoaura is a pragrwdvo aee. 
Tho moan gradually nomas before the son, with the result that the exposure cm 
the low-lying vapor Is relatively very short compared with the other s mu mod 
vapor of grantor elevation. Hence, it is readily seen that although the two gases 
may give lines of oqnal Jnhmdty in the absorption spectra, they wffl not nernawuily 
do so in their omission spectra; the low-lying heavyvapor wifi give In the chromo¬ 
sphere short ares, while the other sssomed vapor will give longer arcs of greater 
relative intensity. Though there are other contributing causes, the main f a ctor 
far the dlfbroncm in in tend ty between the dark- and bright-line spectra of the 
■on is tho heights to which the vapors extend. S and K and the hydrogen lines 
are tho strongest In tho chromoephau mainly for the reason that n a lrlnm and 
hydrogen n*to"d to greater elevations than any of the other deme nt s. 
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As m matter of fact, three arc each enormous ctiffsencre in the IntonritU* 
of the Fbaumhovxr and flash ip o clr a that placed aide by aide, aa they an in 
fig. 7, the a p c ctr a seem to belong to ataia of two different typon rather than 
to the eame object under different conditions. It la tbeae differences that make 
observation of eclipse spectra of the greatest value in widening onr knowledge 
of aolar physics. The chief differences In intensity for tbe strongs limn are found 
In the dements hettnm and hydrogen. Aa la well known, no helium ahsnrptlnn 
tines axe ordinarily found In the son, whereas In the odlpau spectrum the hetinm 
tines are conspicuous by their great strength. In the Fraunhofer spectrum 
there are only four hydrogoi tines visible, while in tho flash spectrum there is 
the whole Bauirb aeries, no leas than thirty-four linos bring monaorud In the 1905 
plato. 

18. Trimitiflnation of the Lines of the Flash Spectrum. It la them very 
differences in intensities between the Fraunhofer and flash apoctra which makn 
the ctiacmaion of the spectre a difficult task. It goes without saying that after 
wave-lengths are measured from the eclipse spectra, tho comparison of thaw wave¬ 
lengths with Rowland’s tables and the proper irientifleatinn of the tinot should 
be done with tbe gre ate s t care. 'This is one of the pitfalls thnt frequently has 
nrined the dbcreslon af what would have been otherwise a very fine piece at 
estrophystcal work. Instances of such faulty identifications have occurred over 
and over again in the history a£ spectroscopy. Tho photographs usod by 
Rowland for safer wave-lengths were af vary large scale and of snporb 
conditions at definition. Tbe bret af tbe spectre of tho chromosphere aver fcnltra 
ire with a much smaller dfependon and with definition infskv in quality to 
Rowland’s. Moeaver, tines which ire single In Rowland’s Atlas bocumo blended 
in die smaller scale of the flash sp e c tr um . It is difficult to know what wave¬ 
length one is to sreign to the blended value of the Rowland linn. The general 
rule adopted Is to combine the wavodengths of two lines with weights pro¬ 
portional to the Rowland intensities. On account of tho pant difioruncus in 
inteoritis of the tins In die flash spectrum from these of Rowland this rub 
can give only approximate values of the wave-lengths to nqraont tho spectrum 
of the chromosphere. 

In this aamec t i un we might coll attention to the caao uf tho magnerinm 
tines at wavelmgths l 3939.3 . 3986,7 , 4057.5 and 4167,2. In tho arc undre 
ordinary co nd itions, these lines are brood and nnsym metrical, and their measured 
positions show no well determined corrospoodanco with tho ml&r llnm. If, 
however, the on: is put into a vacuum, the broad tines ore changod to sharp 
ones, and the coinc id e n ces with solar tines are at anco apparent By similar 
methods the tina in the solar sp ect rum have gradually been klaitiHod both by 
c h a n g in g the co ndit ions of the arc and spark, and by carrying out Innumerabu 
oimrvotiais *iih a greater and greater dqgree of accuracy and reflnommt 
c nhnhrrtn g in the splendid Rowland Tables from tho Mt Witam Obmrvatory. 

_Wbeathe ^ectra of the 1905 eclipse were bring discussed by tiro writs, 

can^nrettvely tittle was known of the differences between tho conditions nv frtin g 
in the Fraunhdtxr spectrum and in the chromosphere. Tho main difference 
known to exist betwem the two spectra was that pointed out by Locxtxr, 
namely, that the enhanced tines played bxl important role hi tho flash spectrum 
by showing there increased intensities over those found in the solar spoctrum. 
But bow was one to find the wave-lengths of the tins which had grrets strengths 
In tbe ijwrk than in the are? Loceyzr bed gtvrei lfets of soma af three 11ns, 
and three wve good as far as they went Bat the known tihre were few in numbs 
and entirely inadequate for a d ferasrinn of the problem, mat was to be done? 
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Volumes V and VI of Kayseb's Handbuch der Spektroskoplo bad not yot 
appoarod. Tharo seemed to be nothing to do but to follow the axamplo sot by 
Kayhkk and others, namely, that of going to the original aourcoa. Thbwssahlg 
undertaking consuming an enonuoua amount of time. Than Beamed no other 
method. Fortunately, In tho midst of tha dlecmdon Rxxu and Habchk’b wave-' 
lengths appeared and the problem Immediately much simplified. It was 

therefore necessary to moke fadiUi ihowlng all p^ariM* sooren of MfitiHwarinwu 
where the value of tho wavelengths agreed approzimataly with that measured 
In the Cash sp e c l i mn whoao mice wse desired. From Information thus gradually 
acquired it was pcaatble to make the bert estlmatlcMi of tho source of tho lino. 

In reducing tho spectrum of the 1905 ecHpao, groat advantage was taken 
of the feet that the spectrum was "normal", for thb permitted a direct 
comparison, with Rowland, The original photograph of the flash spectrum was 
enlarged six times and a photograph was made of Rowland's well-known 
Atlas reduced in scale five tunes. Fig. 7 shows portions of tho two spectra oh 
a don approximation to the same scale. This canparisDn of tho two spectra, 
side by side, will perhaps speak more stnmgty than any words or comparisons 
of wave4ongtlis c o ncerning tho good definition found in the flash spectrum af 
190$. The comparison of the two spectra side by side gives an Inkling of how 
the Unas on the huge scale of RowLuro'a Atlas becomes blended In tho much 
redncod agoi* of the flash apoctrum. 

Within the past few years the combined attack on tho struetnro of the 
atom by the astronomer, ph y sici st and chemist has rmultad in a stupendous 
Increase In knowledge rf tbs underlying the amtiimi and absorption 

of Una of dlffensit spe ct ra. The outstanding achievement! have baen tho Bohi- 
Soummo atom, Saha’s theory of Ionisation and investigations of sofas in 
spectra coming mainly from the hands af Fowlxk and Rdbbklt. As a remit 
of this greatly increased information now available, the dfacomkm of the fkfai 
particDlsriy in the p rqpo MwitiflMHm of Qjg sources tho 

spectral linn, it now one of greatly reduced complexity. 

In erder to Illustrate our present knowledge of the s p e ct r u m of tho chromo¬ 
sphere, a portion of the flash epeclmiii has bean eelnrtod from that found In 
the photograph fig. 7. This region, beginning at wavo-kngth 1 4)83 has bean 
chosen lor tho reason that it Is familiar to thoee who have w o r k e d with stellar 
■pectra end alio because the Unes of the chromosphere ore not no crowded together 
as they ere farther to the violet The details ere from an unpubUahod tUsouakn 
of tho author that is soon to appear. 

In the first column af the table is found the wavelength measured in the 
flash sp e ctru m and given In units of the International Ang strom , while In the 
secoid column fa the Identifies tim In the son, also in L A. The third <^nnm 
gives the dement from which the Hoe derives Iti source and the following the 
Rowland Intensity. Where two Unes are blended thfa fa shown 1 by the 
designation. 

Tho fifth cdhunn gives the Intouity of the Une in the fl«h spoctrura while 
In the following fa the height In kDometers reached by tho chromosphere* 

The author has found from long experience that one of tho most difficult 
parti of any sp ectroscopic investigation fa an adequate Intapretation of the 
origins of spectral linea In the presort dbcoskm, tho dementi are arranged 
in order of their importance in the flesh spectrum. An attempt has been 
made to have the IdoatUcatiana as amp l nln as pn—Jhin. A sojourn at Mount 

i In oolnmn *tatndty Is son* 1 , ^ naans that time Hms ms 1 wbfah hsve 
a oariblDWl tntondty of X 
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HP*-HG* 

4X43 

Zr+-TVBe 

I 1 

2 

350 

HP*-HD* 

4048 

Fe-Pe-Ce+ 

2" 

16 

300 


41,72 

V- 

3 

3 

350 

HJX-HP, 

4X35 

Fe 

6 

2 

350 


4349 

Zr+^Fe 

5* 

3 

400 

HJP-HG* 

4341 

TI+ 

5 

15 

1600 

HD—HP 

4446 

n+ 

2 

3 

450 

HG-HF 

4348 

FO- 

1 

0 

300 

HD-HP 

4548 


-1 

0 

300 


4X33 

Hd+-Fe 

0* 

3 

350 


4643 

Fe 

2 

1 

350 

HP—y*D 

47,14 

FbHn 

2 

1 

350 


47,73 

FO 

6 

4 

450 

HP*—HD* 

49.13 

U 

2 

46 

400 

HG-HG* 

49.72 

Ehr+r 

-1 

0 

350 


5X44 

.T1+-F* 

3 1 

7 

600 

HD-HP 

5X76 

Ce+-Fe 

-1 

3 

350 


5X90 

11 

1 

1 

350 

HG-HG* 

51.59 

He-Hd+ 

3 

2 

500 

HD-HD* 

5X01 

V 

0 

1 

300 


5X74 

8a+ 

-1 

1 

400 


5341 

Ha 

1 

1 

400 

HD-HD* 

33*32 

■n 

2 

1 

350 

HP*—HP 

5171 

n 

i 

1 

350 

HG-HG* 

5449 

FO 

3 

2 

500 


54,795 

Ce-Zr+ 

5 

5 

500 

HP-HD 

5542 

TH£n 

2 

2 

400 

HP*—HP 

5547 

Cn-Hn 

5* 

3 

500 

HP-HD 

5X34 

Fo-Kd+ 

1 

2 

l itn 


5X63 

Cm 

3 

2 

350 

HP-HD 

5744 

Mn 

0 

0 

300 

HP-HD 

5744 

Tl-y-Zr+ 

2 

1 

l Wl 

HP*—HP 

57.55 

Hn 

2 

2 

1 500 

HP-HD 


HI , X998 
I 1471 
II? 1471 
XU 1496 


ni 0434 
m 34i3 
v X603 
1432 

IV 3405 

mA 1465 

I 1478 
I 1478 
I 0461 

21,126 
I X385 
3471 

IV 2469 

V 1403 

I 0474 
m X1B8 

V 1479 

V 1475 

V 1 ,m 
IA X087 


3471 

rv 

m X2i3 
m 1479 

v 1479 

m 1471 
n 2476 

m 

m X92B 

n 1434 
m 1465 

m 

I 1491 
n 1437 
I 1491 

n U9i 

m 3400 
n 1454 
? 3460 
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In the one i mmi m d Angstroms of the flash spectrum herewith dlwniMnl 
than an 15) Mn —, or an swage of 16,6 llnca to each fnnUwmtar of the <sd^ln;il 
photograph. In.the flash ipeuliuu secured by the author In 1905, betwum ihr 
wavelengths ))18 and 5700, than we 27)4 Hues measured, ar an avorogi! of 
115 Una for each hundred Angstrom*. 

In Section d a ***—"—*—» nHIl be given of the Interpretation of the apralnuu 
of the dinamphere. 

c) Flash Spectrum without a Total Eclipse. 

ig, Ohaarvatlon of the Flash Sp e ctrum without an Eclipse. Many athmijriM 
have been made to photograph the flash spectrum at times other than at iwmiI 
and third contacts of a total eclipse, and mnch has been obtained frixii 

thtmtf wffcr taL Rurtographs may be se cure d by two methods which era uiitln’ly 
different In character. If an observatory has a large equipment far eolar work. 
inch far Imtonce as la wd In apec tr oa co ;ic investigations of the rotation of (lu* 
■m, the flaah spectrnm may be photographed without waiting for an eclljw 
by raring the sHt tangent to the sun's Hmb. The boat work by this mutlnal 
Ins beat done at the Mount Wilson Observatory 1 . Or else the partial ] 4 uiau 
of an edipae may be ntitind when ninety % or more of the arm's dlaiiMttn' 
is c o v er ed and by mofcHng oboervationa near tho solar cusps, Such invcstignlloini 
are poerible at the time of a total ectipae but with the obaorvur altnatod onlakk* 
the path of totality (far instance, the Mount Wllaon Obaervatary at tho mIIim* 
of Septsobcr 10,1933)* At an annular edipae w one of abort duration, similar 
ohsavBtlani may be made by a person who may or may not be located cm llu* 
astral Una. Ofaaarvatlana of this chariots were mado In England at tho crJijtsi ^. 
af April 17,1912P, and April 7, 1931 s , the maximum phase at ooeh edlpau Ixdiiff 
about ninety percent. 

The dae nlpU on will be made first of tile remits secured fnan phobflrujiliH 
at times other than when an edipae is in pro gre ss. Mon than twenty yuan ago 
at ML WQaoa Observatory, Hah and Aiuma aacurod aoccemfnl pdiotngni]4^ 
of the flarii spectrum without an edipae by mesas of the 60-foot tower tctunniiHi 
and 30 -foot spnrir o gniph . The second order apectrum was employed ffivln/r 
a dlajeiriiiii of 1 nun ■» 0,9 Angs tr o ms ; and aapoauna of fbnr minutes wen* 
required In tile yellow part of the a p e clrum , and double thla amount In tlm rul. 
The method adopted in ■curing the photographs was to allow light from llw ■ 
son’s limb to fall upon a diagonal prism which was placed id as to refkct Hut 
tight horinntally to a second prism Immediately above tho silt Tho first jiriHiii 
waa m oun ted upon a slide with a screw adjmtmoit allowing motion toward nv 
sway from the second p rim. 

Afts the ann’s image has been brought to the alit of the apectmgni|ili« 
the olaerver srierii a prominent Una of the nectrum, outaldn of tho rogkm I*» 
be photo gr a p hed and brings this Una into the flmdof view of an nyn j4om_ mnnnln l 
in an opaing near the and of the placeholder. While tho exposure ia in pmgn.i«t, 
thla fine ia maintained at nM ^ m i |t n hriflhtnrm by guiding with the icruw wai* 
trolling the peritinn of the first diagonal Li this manner, by moving llu* 

son riightiy an the aUt It is posafhln to correct for tile wandering of the w4»S' 
huge due to icregulaiitlea of the driving dock and othx causes. 

u* fh*f of tiie "C ontrib utions 11 fnxnMt, Wilson, (loc. dL) waa pubHalanl 
beftxe and t he second after the- publication by Mitgebj, af Mi spoctnini 

■ ■ (,m " «* * *“ wn ' 
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obtained of the 1^05 ocUpaa. In comparing the results obtained within and 
without a total ecHrae. there are unquestionably great advantages in invar 
erf tha latter method, the most Important being the paadbflity erf seeming a 
much higbar dkpendem by the method without an ecHpee than can be Beared 
at tlio time of an eclipse. The puhlfchad results of ML Wilson vbb seenred by 
n dlspcndoo twelve tlinea that of the photographs of the 1905 edipae. By means 
of tlio 150-foot tower telescope and 75-foot spectrograph the dispersion can be in- 
cronaod to thirty thm that of the ecttpee spectra- At an eclipse only two ex- 
pconrus erf the flash spectrum are pneaTblo, the focus b not always of the best 
and the qualities of seeing and transparency of the slcy leave much to be desired. 
Outside of an eclipse there are no such ttnntatkna, observations may be repeated 
again and again at will until momenta of good seeing are secured and until 
photographs are obtained of the beat definition exhibiting the results of layers 
Hn£flduntly doao to the boo. 

A commriaon of the results already obtained with and without an edipso 
may 1m briefly summarised. (For a mere complete discussion see Mitchell, 
Eollpsoa of the Sun. 2* edition, p.272 (1934).) In the region of bretdefintoai 
of tho ML Wilson photographs, 1. e.. the yellow and the green, there la little 
difference in tho total number of lines photographed by the two meth ods a nd 
in thu accuracy of wavelengths In spite of the twelve-fold greater dtspenkm 
of tlw ML Wilson photographs. There ore very marked differences in the In- 
toualtloa in tho irfutognpha within and without on ecHpee. Since the intensities 
nf tho llntsi in tho f^ ar spectrum depend an the levels at which the lines originate. 
It la ovidunt that in the kmg azpoanrea neoesaxy for obtaining the p h ot o gra p hs 
without an odipae. it is impossible to guide ctmstantly at the same elevation 
fit tho photosphere on account of the wandering (rf the solar image on the iHt, 
anil It Li also Impoadblo to keep the scattered photoaphoric light from passing 
(Iiningh tho silt. Moreover, with a slit tangent to the ann a bmb It is evident 
that tlw lenirth of the Unas In the a p e Umm taken withont an edipae should 
furnish information regarding the levels at which such originate. Sodx 
rnouimree have not boon earned out at ML Wflaao. _ . . 

In tlw writm'BbookEclipaeaof the Sun. p, 374, iheMliretagreiiduidim 

ucu drawn: "Tho rooommendatiai is tWore iMLde to t^i™dffitori d 
Milar rotation, and is hereby ureed upon them for Ihdr comlderato, &at 
curtail thoir work on solar nrtntkm, and instead 

wiillu to tho flash spectrum without an edipre. With the equipment already^ 
hand, and umlnr ^>od conditions of seeing and wtoadequate fariiid^f «■ 
priipor guiding, good photographs of the flash «poct™i should bepo“|We 

vss&sssssssssisass^ 

HsKVawaaSffirzwsasfit 

° f ^S^thTdwvo Hn» wo penned, the writer he. experience jhetro- 

mtaewhih 

with tho 150-foot Sfa^SZTEe 
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tba methods described above, fom it is immedia tely noticeable that if the wring 
is ragged or even lair, there will be few bright Una that can be aeon, such fur 
instance as the stranger tines of the solar spectrum, tike the ft group in the grunt. 
If the Bering improves and the image of the ann becomes more and man steady, 
tfrwn more and mare Hnw are re vei ne d into bright tinea. At Mt. Wtbon tho Isnl 
seeing ordinarily shortly after After tho son's rays beat np tla* 

slo p es of the mountain and the rising of the bra ted air disturbs toe atmospliofi*, 
+h* ateadLoesi of the of the ann on th w slit of the spoctrograph becomos Ions 
and Ires. In the short tima at bis ftiipnaal for tni ^ n g observations, the wrltur 
mttm to the condaakm for phnfnginphfag the flash spectrum without an 
w iljm the beat pnaalhlr ere necemary, or in other wards with sooiug 

and steadincaa of quality 10 on a wl« where 10 rupruenta the boat pcssdbli*. 
If therefore An* wishes to obtain tnr ^i photographs without an ocilpeo be must 
be contfamaJly on tba alert to the few momenta of perfect seeing wIkmi 
the y come; and thwn after tnHng h undr eds or pomihly thousands of photo- 
graphs for this porpo ae a photograph may finally be secured which will bo of 
quality equal or be tte r than that of Adams obtained twenty yvait ago. In fuel, 
the importance of eaceOent —^ n g in a ttemp ting to secure photographs of the 
flarii sp ect r um, no mate what method is employed, cannot paHhly bo owr- 
amphasbed. 

14, Obaarvation of tha Flash Spectrum .during a Partial Ecllpee. TIn’ 
method of o b s oi v in g the chromospheric sp ect r um during a partial octipm 
of the son was tested out in England at the eclipse of April 17, 1SH2 (loc. dt). At 
mld-edipae 91 parent of the sun’s diameter was Covered. Fowler used a itx<4ncli 
♦> Wf i p n and was surprised to find so many c hr omospheric lines vialhlo. Am 
eariy as thirtyfive minutes before mazhzmm eclipoo, high-level chromoaphoric 
tinea were noted at the cospa of the ectipae. During the masimum phase, bundnxbi 
of Fbadmhorr Unas were reversed, in fact the nnmbor of Unee aeon was ao groul 
that is was impossible to record all the tinea. Dio appearance greatly roeorablntl 
the flash spectrum that had already ben observed by Fowler at more than nnr 
total eclipse. Aboot seventy bright tinea but wea n 6 and D wore actually idondthid. 
That so many tinea of the chromosphere were visible near tho cusps at tho Hum of 
the ectipae may be partially eiplafned as the result of reduced sky illumination 
due to the tact that but twelve percent of the ann remained uncovered. Agrwitnr 
advantage may have molted from the metier affect of unstendlnaaB or ,r bofllng". 
at the cusp aa compare d with the limb under ordinary conditions. 

The aucceai of these obaervitians was so great that it seemed possible hi 
Fowlek that even better results amid be obtained at a rimflar oclipm by Uie 
use of more powerful apparatus, and that tho multitude of.bright linos aural 
visually for half an hour, while the octipoo ranged from eight- to nlne-tontha 
total, might profitably be photographed by suitably arranged instrumunta 
In fact, at this same ectipae, Newall at Cambridge actually secured ■uccemtnl 
photographs. On the beat photograph only about forty Unee wore recorded aa 
bright, many of them eacemllngly narrow with the continuous sp e ctr u m quite 
feint. Apparently, therefore, it is mare difficult to photograph the bright lines 
than it ia to o b s erve them visually. In view of the auccam attained in photo¬ 
graphing, Newall Came to the conduikm 1 that "exceedingly valuable work 
could be carried out with an inatruinmt of high p ower by an observer who, 
in a total edlpae, atatiooed himself to.the nerth or south of the band of totality 
at such a distance that the maximum phase was about 0,99. At sodi a station 


1 MV 72, p. 53* (191S0. 
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detailed obeervattana could be conveniently made with a much mono ldknrely 
pt^ni m end with far gmla 1 campletenea thin an tho central Une". 

In view of their a ncrra i in 19i% the Cambridge observers 1 prepared tp 
photograph the ectipae of 1921 with the McClxah ipectroacope of the Solar 
Pbyrics Observatory. Thla instrument naoa an Image of the inn 168 mm in 
diameter, the Hhjiwl on being r*nand by a six-inch pan# grating. Two photo- 
graphi wore secured with definition that appeared to be excellent. Howevrr, 
tho total number of bright Hn— visible on the photograph! was only two, doe 
to h y dr og en , not a single bright metallic Hoe appearing on either of the plates. 
A «imflnr H lip pri f iii n M i i nsanltod from the photographa tufam with the 
Huwam refract o r, oko at Cambridge. The obaoving' conditions appeared 
equally good at the two eclipses, end tho amount of obscuration in the yean 
4912 and 1921 was needy the same, being 0,91 In the forms 1 and 0,89 total In 
the latter year. 

Observations similar in kind wree alao made visually at the same crJipae 
by Fathers Conns and RowmtD at Stanyhurst 1 . A Bbowxdig spectroscope 
with a dkparsinn of eight prlima of 60° wu employed, the region observed 
being In the g reen from 15167 to 1 5400. "Every tine In the field was reversed, 
the bright tinea tapering to a paint indicating decrease of praamra .” 

Niwall (loc. dt.) could not offer any explanation for his failure to photo¬ 
graph the bright liras at the 4921 partial octipae. The expsience of the writs 
both at total edfpaoB and at 1ft. Wfiaan, already referred to, cansea Urn to anipect 
that the conditions of seeing in 1921 at Cambridge were Inferior to what they wore 
at the ecUpae of 4912 In spite of tho fact that at tho time tho observers regarded 
conditions about oqnaL The flaahapectram at the 1925 ecHpao was photographed 
with the same grating-spectrograph aa the 1905 eclipse, the fanner howimr 
bring taken under poor conditions of seeing while the lathr waa photographed 
with excellent seeing. The 4905 s p e ct ra, show the faintestHras in srach greater 
numbore than tho 1925 octipae, uie tines In the farms edlpee being stronger 
and more cloady defined. Tho explanations for the differences in the two spectra 
cannot bo found In dlffiarencea of focna, or of exposure s. or of the lords photo¬ 
graphed, -Under the poor conditions of seeing of the 4925 octipae, the tight of 
the bright-Unod chromospheric ana was reoased Qtdefined by being spread 
over a larger area. With too strong tines of the spectrum, this affect made the 
odgre liosy, bat diminished tho total intonriths of the tinea but tittle. With the 
weak linos, howavtr, the spreading of tho tight over a larger area an the plats 
cnnunri a marked diminution in Intensity and sharpnem of each Una with tho 
nocoaaary result that tho weakest linos In tho 1925 specimen wore practically 
obliterated by tin poor Bering and only dw## tinea of a certain mini mum strength 
survived, Astronomen who are ongagod In the obaur rational work of stellar 
photography, particularly with trimoopea of great focal length, are entirely 
lamlllar with on exactly analogous problem. Under tho beat conditions of seeing, 
tho star images are hard and sharp and with woll-definad edges. Undo- poorer 
and p«v>m r conditions erf. seeing tho star images increase in rise and the edges 
bocamo mare and more fussy, The larger stellar images with poor seeing require 
an increase of exposure to photograph a star of any given magnitude. The length 
of axpoanre becomes greater and greater aa the toeing detadarates nxreand 


1 HN 81, p.483 (10311. 1 KH 81, p.48| (1021). 


toons. Under poor coodttious, the star ftnag na on the pjfltfa are la rge ana m- 
riwflnnd and fhn accuracy of nwawm inignt when compared with plates ta ken under 
good nmuHHona, k much diminished. ' 
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Cocaequantly, taking all factors into canddarnttan it is opai to question 
whether photographs of the c hrom o s phere taken outside of a total ecllpre can 
compote with photographs taken at ocHpset in giving reliable information re¬ 
garding wave-lengths, Intensities and elevations of the vapors forming the son's 
atmoaphare. Astronomer* who attempt such observations in the future will 
have to decide far themselves whether the game Is worth the candle. 


d) Interpretation of the Spectrum of the Chromosphere, 

IB. Introductory Remarks. Heights of Different Lines In the Chromosphere. 
C omparisons of the flash spectrum with that of the son taken under ordinary 
conditions have added enormously to oor knowledge of our central luminary. 
Although the flash sp e ctru m appears to be almost an exact reversal of tho’FxAUir- 
Hom spectrum, navurtholaas the two spectra differ'from each other In Im¬ 
portant characteristics. 

ML Wilson, Kodaikanal and other obacivatories have shown that wave¬ 
lengths fr o m photographs at the Ihnh of the son may differ systematically 
from fhn— at the sun’s center, and hence from many wmdAwtinmi we would 
Aspect that the flatii sp e ctrum would show even still greater differences in wave¬ 
lengths from the ordinary sp e ctrum than does the Umb spectrum. If it were poe- 
■Ible to greatly increaso the dispersion of the flash spectrum so that the scale 
would be approximately equal to that used in regular solar investigations, then 
we would unquestionably find systematic differences in wavu-longtbs whan com¬ 
parisons were made with the ordinary spectrum of the sun. On account af the 
paucity of time available, no appredabks increase in dispersion in the edipae 
spectrum la possible, and up to the preemit the heat photographs of the flash 
spoctrum have an accuracy of 0,02 Angstroms, Within this limit, no systematic 
dtiferaces in wave-lengths have yut been found when comparisons have been 
made with tho FuAUJfHOixx spectrum. 

Although wave-lengths af flesh end solar spectrum are mm itially the same, 
the case Is vastly different with the relative intensities of the lines in the two 
spoctca. Loceyxe was the Hist to point out at the eclipse of 1898 that there 
are remarkable differ ences in the intensities, the most pronounced dlssimilarltiei 
being found in the "enhanced” lines, or those which are stronger in the spark 
sp e ctru m than in tw of the ere. In the flesh sp ec tru m many lines actually 
appear which are not found in the CHdfamy solar epectrum; furthe r inu re, some 
strong linos in the Fsauxhorb sp e ctrum appear as weak Hues in tho flash, and 
yica versa, weak Unes in the sun are strengthened in the spectrum of the uhromo- 
■pbsre, Locxyxr’s amurapticn that tho spark Is hotter than the arc and that 
therefore the onhenced Hft* ere irodocod mainly os the effect of temperature 
has led to impoeatble candtsknsj for to wpiafe the p ron d noiicB of the eohanced 
lfoea of chromosphere si a cMseq u ence of his rtlssnclsllnn theory it was 
necemary to usttinw that higher and KfiTI W gW fenpmtiir wi were reached at 
greater and greater distances away from the photosphere. 

Saha’s theory of ionhsition 1 int erpre te d the peculiarities of the spectrum 
of the chromosphere in a beautiful and remarkable manner; in fact, this valuable 
theory was first verified by means of ecHpm spectra. Before taking up this 
theory In detail. It will be neceamry to exsrntna the manner in which tamper* 
tore, pressure and other condition at the surface af the sun ere affected by 

rliany i in iiTwmtiwi n wr fh« photosphere. 


40, P-472 and 809 (1930); Md. 41, p.afi7 (19»); and Lartm ifl Proa 
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As already stated, the only direct -method of measuring the depths at solar 
vapors comas from the measurement of the lengths of chromospheric sirs from 
eclipse spectra. Attention however should ha called to the fact that the hwighfs 
of the chrefnoapbero determined in this maimer can afford no great accuracy 
in tlu do termination of the absolute heights in kflametera to which the various 


lnyoni ax tend shove the photosphere. The method depends an the visibility of 
tlio ends of the cusps, ar on the threshold value of the photographic plate. It 
is qulto possible, and probable, that vapors extend in detectable amounts to 
olovadnna beyond the limits visible in the cusps. Tbo heights derived by this 
method can thoraforo only r e p res en t a mean height and cannot be expected to 
furnish the maximum heights to which the vapors extmd. Attention should 
likewise bo called' to the fact that the heights measured in this manner depend 
primarily on tbo relative portions of edges of sun and moon at the time when 
tbo flash apuctrum was photographed, and hence the heights lufasured cannot 
give tho elevations above the photosphere but rather above the avorage level 
of the layer photographed in the particular photograph of the flash spectrum 
boiiig invnatigntod, Naturally the photographs showing the lowest Jovets show 
oJho tho strong oontiuuous spectrum of the photoaptm. With such Undtatksu, 
tlwrnfnre, the method of measuring the lengths of tho cusps an echpm spectra. 
1h capuhlo of furnishing with a fair degree of accuracy the relative heights of the 
layers produdng the indhddnal spectral flm. 

Prom tlio above conalderatiana and from what has been said In Section b, it 
in oosy to ho thnt the best photographs of the flash spectrum far the purpose of 
Honoring tho most reUaUo Information regarding heights will be thoae which are 
token under tho boat conditions of focus and "soring". The importance of having 
the boat ponflfle atmospheric conditions at the time of the edfpre must be again 
onipharixod. Unfortunately, the ohaerver has no control over these mattsa at 
un ooUpao, with the conseqoaice that at each succeeding eclipse the remit s 
attained will afwayi remain pretty much of a gamble. 

Wbon wo compare the elevations to which the enhanced and the quinary 
Hm! n of Bn uliirruin t extend, as la done in Astrophyalcal Journal VoL Jft 
u. 166 (1914), and grenp there lines according to their intenrities In Row- 
jjVKD. thuu wo ure ImmoUately struck with two facta: (1) tiia enhanced nnei 
uxtend to greater olovationa, and (a) tiie enhanced flnee hare greateintem^ra 
In tlH) climmnwubero than the llnm of the reme element which are not enhanced . 

Thu moat proooumad diOarecca are found In comparing the mtivD&st 
linuH of tho nutitral and kmired atom (derignatod by +) of the lour bemads 
Cn, Sr, Hn and Sc. Tho following table copied frran Eclipses of the Sun, 
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2 -1 edition, p. yoi, gives the Intensity In the son accenting to Rowland 
1000 Is nM gi mn m strength. The Intensities In the chromosphere (100 
representing the sbengest tine) «id the heights are from tbo 1905 Hash spoc- 
4mm The Intensities in arc end spark ire taken from Exmkk am) Haschkk. 

Differences of this chara cter are found with all elements. Of great interest 
is the comparison of the behavior of the two (dements Fe and Ti, which are 
represented by numerous and strong tines both In the son and the chromosphere. 
In Eclipsoe of the Snn, p. 503, are given the tines of both elements which 
attain an in the chromosphere of one thomand kilometers or more, 

there being t w enty lines due to iroa and aigteen to titanium, the lines being 
In — rh cue single lines and not hWA. Of tha 20 Fe lines found at elevations 
greater *han 1000 km than are only two lines which are enhanced, X 4924 and 
i 5018; on the other each and every one of the 16 Tl lines Is enh a n ce d . 
Although In the FaiuirBDTxa s p e ctrum the Fe* lines have twine the average 
strength d the Ti tinea (In the special Hnww under consideration, intensity 13 
a gainst 6), the Ti are twice stronger than the Fo lines in the chromosphere 
(22 against 10). 

Tn discussing the 1905 ectipas spectra, the following condmdons were drawn 
(Ap J 38 , p. 409.1913). “Enhanced linos, for some reason. In the chromosphmo 
ascend to wmrh greater heights on the average than do linee of tho aaruo element 
not imhmr»d- At these higher elevations, preaenro is much reduced. This re¬ 
duction of pteni e canaes a brightening of these tines. It was painted out shove 
«lnr»i the ttmvwi gr urhuTly cov e r s up the chromosphere, the strongest tines, 
in gaurel, are thorn which correspond to vapore which rnrtnnd to the greatest 
heights. But Ugh elevations a redaction In premre which antaila a 
stren gthenin g wnhanoad The prime arose, thernfme, of tho st ren gt h o n - 

ing of the mhmnrrA tines it tile heights to which tho vapors ascend,” 

Whoa them canchninns were drawn, it was the general opinion among 
c omp e tent astnmoroera that the premnrea 1 found In the reversing lays amounted 
to ahont five atmosphere*. With the advance of solar Investi gations , It has been 
generally emended by all authorities that the profiles where tho Feaumuqjxi 
tines originate are less than a single atmosphere and probably lam oven then 
s than width of an atmosphere 1 . At moderate elevations in the chromosphere 
the pannes must decrease very rapidly. According to Abbot 4 , the aolsr 
temperature la not far from 6000* C absolute. Schwambchild 4 has shown 
that if the variation in temp erature in tbs upper atmosphere la panned only 
by radiation, then the temperature within the chromosphere should not fall 
below 5000°, approximately. Hence In the chromosphere the temperatures 
probably vary b e t w ee n 5000* and 6000* and pwnre s are lea than 10" 1 
atmospheres. 

16. Application of Saha’s Theory. Accep tin g the correctnem of the Bcra- 
SoumRLD theory of atomic radiatim, arid amnndng that tho gmarel laws 
of thermodynamics apply equally well to electrons and to mnlecnka of gams, 
Saha has been able to calculate the degree of ionisation that taka place In 
under difira t conditions of tsnqsnture and preamre, and Ka« derived 
formulae which can readily be applied to conditions existing In the atmosphere 
of the son and of the stars. This theory wyhlni both qualitatively and quanti¬ 
tatively many of the featur es observed in the spe ctrum of the snn and of the 
■tars, and it likewise finds a ready application fo laboratory spectra under con¬ 
ditions when enhanced tines appear. 

1 Fahxt and Bom, Ap J 31 , p. 97 ( 191 $. 1 Mura; Mata* Jane 9 (1928)* 

1 Tha &m, p. 116 (1911). 4 Q«t KaofcrMitaa 1906 , p. 41. 
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In addition to tbo original papers by Saha 1 , valuable contributions an the 
subject have bean nude by Mjxxi 1 , by Ruamx 1 , by R H. Fowler* end 
byEDDDroTOM*. Assuming that the dec omp osition of a mbhcnle or on atom 
into one or man electrons and a positively charged ion is essentially of the same 
nature sa an ordinary chemical reaction, Saha derives a simple equation to axprem 
the sdf 4 onte*in»i erf a gas si high t emperatu res. The equation derived is: 

xj(i — s) la the ratio of the percentage of atoms ioniand to those loft neutral, 
and this ratio mnftipHart by the partial pressure of the free electrons (P*/(i + *)) 
is equal to K, which la a fnnrtvn mly of the ahaalnte te mp erature at the gas 
and the Ionisation potential. This latter la a measure of the work done to ionise 
a single molecule, or to drive an electron from Its neutral ring to infinity, and it 
is uaTmwmd as the number of volts through which the ukcltuii must fall to 
acquire this energy. Slnm the ionisatlaQ pntwntini for a given gas is a constan t, 
the quantity /C, In the fo r mu la above, depends only on tiw ahaohita temperature. 
Hence for n given pressure, the «™>1W the value of the potential, more 
nearly % approaches unity, or in other worda the more nearly complete is the 
ionisation. For all gsses whore the ionhnitinn potential is known, Saha is enabled 
to calculate the percentag e of found under different of tem¬ 

perature and praaure. The higher the value of the Wit—drm potential the 
higher must be file temperature to sustain a given degree of ionisation. This is 
readily aosn in the ***** of haHnm which poaaoBea the hi ghest kn ow n 
potential of any neutral elemait, namely of 34 volts. The Pickkhdto Berks 
due to nnhanraxf helium (excitation potential 54 volts) in the atare is found only 
in thnao of oariieat type or of the highest temperature. The theory of ionisation 
was originally basod on the condition that ano gai only is pru a mt in the solar 
or stellar atraoephoro, but Ruaonx (loc. dt) takes up the queetlcn of tbo 
prosBuru of two or more gases. 

SAHA calculates tahlos giving the percentage of ionisation at various tempe- 
ratnroa and presort*, mcaaored in atmospheres. Tho following table for cal- 
dnm is coplod from his publication. From this It is readily aaen that in the 
duumosphoro where tho temperatures vary b etwe en 5000* and <5000* and where 
tho p ro n t o amounts to one ton-thousandth of an atmosphere. Ionisation of cal¬ 
cium is ninety percent complete. 

Faraantago Ionisation of Cnlalnm. 


4000* 

5000 

600) 

7000 

8000 

10000 

12000 

14000 

1 Phil Msg 40, 
A. 99, P. 135(1981) 


1 

■a 

«-• 

»-■ 

10-4 

0 

0 

3 

9 

26 

2 

6 

20 

55 

. 9° 

8 

24 

64 

93 

99 

23 

68 

91 

99 

100 

46 

84 

98.5 

100 

100 

85 

98.5 

100 

100 

100 

98.5 

100 

100 

100 

100 

100 

100 

too 

100 

100 


1 PhUMsgHO, p.472 »«1 aop(19Rfl|; fl*L 41, p. 267 (1091)1 red London RB Vac 

» SiUTrm^ASJ, p.201 (1922); MN 83. p. 103 (1923),* 84. p. 354 (1924); 81 p.Ill 
H; 86, p, B (1925) and p. 578 (1926); 87. p. 897 (1927); 88, p, 493 (IPat). 

* Ap T 55. P-119 and 354 (1921). 

< WW 83, p. 403 (1923); 84j p. 499 0924). 

1 intnol Cantltetkn of the Stars (1926). 
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Tbo thecxy of Ionisation, in the hands of Ratta, ban gtvm a roady explanation 

rrf differences bfltWflBl the ffppctrnni "f thn H im and t he nhrpmnapihfgti. RUBBEU. 

his hmndmrd the scope of the theory by applying It to the sun-spot spec tram. 

Before the advent of this theory, there had been no explanation of tho 
curious fact s th«t the S and J£ Hn^a erf mIMtttii, with atomic weight 40, vase th« 
strongest lines in die solar spectrum, and likewise it was difficult to understand 
how it was poorihlc that these Hnea could extend in tho chromosphere to greater 
height* then any of the hydrogen lines. The explanation is a very simple ano. 
The lines 3 and K are entwnced lines and are caused by tbo Innted atom, while 
the f line of calcium at 2 4227 takes its origin from the neutral atom. In the 
neighbourhood of the reversing layer, both normal and ionised atoms will bo 
plentiful and the p r e s en ce of g and the H and K lines era fully explained. At 
great heights above the reversing layer, however, the pressure will ho very small, 
and as a result, kirisatitm will bo nearly complete. Under these conditions tho 
neutral atom cannot exist, the fanl«*d atom exhibiting the onhancod Hues alone 
being found. In the flash spectrum, measures indicate that tho H and K linen 
extend upwards to height* of 14 000 km, but the g line only to 5000 kra. The 
presence of H and K above the 5000 kro level shows that cnldum actually exists 
above this level, and we must therefore in terp r e t the failure of the atom to 
emit the f line above the 5000 km level to be duo to tho fact that practically 
all of the atoms are ionised and there are few normal atoms loft to produce 
the 2 4227 Hne. For stnmihun and barium, which also exhibit enhanced Hues, 
their ionisation potentials (5,7 and 5,1 volts) ore lower than that of calcium 
(6,1 volts), and consequently complete ionisation in the chr om osphere is found 
at higher p ra nni a, or In atha words, at lower elevations above tho photosphere, 
The strangest Hno af neutral Sr Is 2 4607, which reaches an elevation of only 
350 km, while the Ionised atom Sr+ shows the two Hnee at 2 4215 end 2 4077 
that are found at elevatiixis much greater than that of the neutral atom, in fact, 
at 6000 km, bat this level is much lea than the 14 000 km height attained by 
the H and K lines of Ca+. And so with bar ium- The neutral atom producing 
the Hne 2 5535 reaches a level of only 400 km, whfln the enhanced lines 24934 
and 2 4554 reach elevations of 750 and 1200 km respectively. 

Not only is Saha's theory able to the facts regarding thd enhanced 

lina of the kmkeri atom, but it Twk™ dearer tho details concerning tho Hno* 
of the neutral, or un-ionised ■t nTn . Take, for example, the D Hmw of sodium , so 
wdl-known in the Fsaukhcoth spectrum. At pruamea below ono-tbonandth 
of an atmosphere, Na with an ionisation pnfamtial of 5,1 volts, is completely 
looked, The Z) lines belong to the principal aoriqs of the no rmal atom, and 
accordingly, they have no connection with, and arofnot produced by the k»d«nd 
atom. The normal atoms fanning the D Hues therefore canno t exist when the 
ixt a mu in the chromosphere is reduced to the thnanoandth of an atmosphere. 
It is quite in keeping with theory to find the flash spectrum photographs furnish¬ 
ing the farf o rm a ti on that the D lines reach the comparatively smurf hei g hts of 
cmly 1500 km above the photosphere (27 and K are found at 14 000 km ). 

The contrast in behaviour in jrwhig from the Fraumhoxxr to the flash 
spectrum far the D tines of sod him on the one hand, and 23g of heHrrm qq the 
other, is vary milked. The soritrtm .Hies are weakened in .tta flash while the 
helium Hue is enoanously strengthened, hw*«g entirely ladrleg in the ordinary 
solar spectrum. Furthermore, in view of the graft of the D H"— in 

the solar spectrum. Is has always been a motor of the gnmtont surprise that the 
dement potarnfann, so rimPar in Ha properties to sodium, is not' found rejxreented 
by strong lines In the sun. The explstatinn is a very rimpie me. The tins of 
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tbo neutral atom of potassium, corresponding in its series to the D Hiw of sodinm, 
arc found in tho deep rod part of the spectrum at wavo-longtha 1 7664 and 17699. 
and consequently they are not fe the visible spectrum. Llko the D I*™* , both 
tines of this pair bid strangthaood in sun-spots. Tho only tinea due to potamhim 
found in the visible solar s p ec U urn am very weak lines at 1 4044 and 1 4047. 
of Rowlamd Intensities 0 and —1, respectively. Russell finds both these lines 
strengthened In snn-spota. No enhanced tines are known for Na or K, and con- 
soqoently neither dement is conspicuous in the flash spec trum . 

The temperature of tho photosphere Is approximately 6000°, while that of 
snn-spota is lower and probably somewhere near 4000*. The pre s sure s found 
in sun-spots can differ but tittle from those in the lowest depths of the revarin g 
laytff. On account of the lower temperatures In the spots, however, 
is leas complete according to Saha's theory. As a result, the tinea uf the neutral 
atom, the so-called "low temperature" tinea, arc strengthened in sun-spots, 
while on the other hand, and also as a direct cansequence of Saha's theory, 
tho enhanced, or ''high-temperature" tines are weakened In the spectrum of 
son-spots. Since the variations in pruumi in the neighborhood of the son axe 
much greater than tho variations in temp erature, it would have been more 
fortunate if the enhanced lines had been refeir e d to &i "low p r w nro" rather 
than os ' Tilgh- tamperu tuns' ’ 

In tho light of Saha's theory, Russell has investigated the son-spot tinea 
His gmchutfoiMi for tho alkali metals (Ap J 55. p. 129) are given here briefly. 
Sodinm is represented in tho by the pHnd pai l rtiffn ae awl aharp linos of tho 
neutral amioa, and all of its lines are much strengthened in the spot sp e ctru m. 
Potsjadmn is rep re sented by tho principal acriea only and its tinea are also 
preaent by both momben of tho atroogeat pair of the principal series, the wavo- 
longths being A 7800 and 2 7947. If caosmm is onr found in the son, it will 
bo only by moans of sun-spot spectra and the only tinea that will be discovered 
will ho at wnvo-longtha in the infra-red at 1 8521 and 18943. There tinea cor- 
rxmpnnd to tho pair of fho principal arias af rubidium. 

It him boon recognised fur a number of years that the son-spot spectrum 
differs from that of the ann lor two rnasana: the strengthening of the low-tem- 
peraturu tines and tho weakening of enhanced tinea In tho spots. Similarly, it 
u evident tliat tho sp o c tr um af tbo chromosphere differs from the Fhaux- 
norsR Bf J u c Lr uin in two respects, and not in one only. The Increased strength 
of tho enhanced Hugh in tho flash spoctrum has r epe a te d ly been emphasised, 
but not tho diminution in strength in tho chromosphere of the tins of the 
neutral atoms, tho low te m p er a ture tinea. .Since the sun is a dwarf star, the 
qwetru of chromosphere, son and sun-apoti repre se n t a sequence in qxctral 
types, tho chromosphere being an "earlier" type and the sun-spot spectrum 
a “later" typo of spectrum than that of the sun. According to the estimation 
of Mbs Ament J. CAioro*, tbo approximate Harvard classification of the threo 
spoctra nrn: chro m o sp here — F0, sun— Go, and mu-spot spectrum — K0. 
There threo raurablo the spoctra of the stare j Cygni, CapeDa and Aietnroa. 

Wo aro now in a position to explain soma of the peculiarities re ga r d in g 
tho appoarunco of tiuss in the spectrum of the aun and chromosphere and the 
bright! found in tho s p e ctrum . The peculiarities noted are as fallows: 
The B and K lines of calrimpof atomic weight 40 are atpmgsrinsnnanddin)- 
inorohcro end roach, greater heights than hydrogen, tho Ucddest gas known. 
In the chromosphere the whole Baij^eb acriea far hydrogen Is found, while 
only tho first four members are sepn in the Fbauxboixh spectrum. No h e lhnn 
are found ip tjxi ordinary iolar spectrum, but they are of great strength 


3Q2 Chap. J. S. A. M itchku .: EcUp— of tbo Bn. oljA. 16 . 

in the cfaramoaphere. The elements, other than H and Ha, arranged according 
to the poriodlc tuhla a£ the dements have remarkable ]P ll 6 r ^ tiW1B in the nnmbar 
en d In tandtiw of the Hpfi i involv e d . Group Ilf the alkali earths, represent the 
ntnmgest ltnea In the chromoapbere, the strongest hues of all b elo ngin g to Ca. 
Group I, the alkali metalaj have few strong fines in am or chromosphere other 
thin the D lines of No. Kane of the fin— of Group 0 originating from the inert 
gases No, A, Kir end Xe an found in sun or chromosphere. In Group III, string 
lines an found for Al, Sc, Y, and the rare earths, but the strength of the fines Is 
not as great as reached by tbo r n nu ^witting dements in Group II. In Group IV 
intensities are still lere. The only element in Group V, found with certainty in 
the chromosphere, la vanidhim, and in Groups VI and VII, Cr and lfn, re¬ 
spectively, and In Group VUE, the three metals Fe, Co, and Ni. 

It la easy to see why the metals of Group I, the alkalis, are represented by 
such feeble fines In the c h ramoaphere spectrum. For reasons that aro well known, 
the enhanced s pec tra of the ■ii«n m etals g aa si th the spectra of the neutral F* f * n f 
In the preceding group in the periodic table, the inert game; and consequently, 
such spe ctra are very difficult to produce an account of the outer doetzom 
for min g part of a very stable ring cr aheH As a matter of fact, no enh a n c e d 
linoa ore found for any of the H metals in visible portion of the 
spe ctrum . It is apparent, therefore, why the alkali metals cannot be promi¬ 
nently rqxea s n ted In tbo chromosphere since the flash spectrum Is aasmrtlnUy 
an enhanced spe ctrum . 

Quits different Is the situation re garding the elements of Group H, the 
alkali earths, which aro specially important In the chromospheric spectrum, for 
the reason that the strongest Bn— of their sp e ctra are enhanced fines, and tho 
principal members ( S—bP ) of the series lie in the famfflT portion of tho spectrum. 
This is true for tin elements with the exception of Mg, the strongest fines of 
which aro found in file extreme ultra-violet at 22795 end 2 7802, in a region 
in fact where no light can reach the earth's surface from the sun on account 
at tbo absorption of fight in the earth's atmosphere. Apparently therefore,. 
the alkali earths will furnish the best testa for mapping p raa nro s in tho reversing 
layers at different elevations above tho photosphere. To aocore complete in¬ 
humation regarding jx ea mr es in the sun's atmo s pher e it will, however, ho 
necessary to investigate the actions of as many of tho chemical demenia 
sis poarihle. 

The great strength of the B and K fines of calcium both in the sun and in 
fhw gbfngwn^plw^ od the gT BSt to which these Uofli nrtjid in tlin fl««h 

spectrum are now completely explained as the result of Saha’s theory. In spite 
of the great difference in the atomic weights of the two gases, calcium and hydro¬ 
gen, the atomic weight of the farmer being Arty times the lattor, the spectral 
Hues of calcium are seen to reach greater heights than are attained by hydrogen. 
The reasons for tide curious droimstuce are very simple. H and K are fine* 
due to the ionired atom, and in virtue of the great derations the Ionisation is 
greatly increased. The finea E and X are the chief lines belonging to the jxindpal 
series (®"5 — cPP), and in fact are the only fines of this reries in the chromo¬ 
sphere. The two fines of the subardfniie series («*P — PS) of Ca + at 23706 
and 23736 are found in the flash sprfJmm also, but at greatly diminished 
intenaitifli and heights (750 km knd 4500 km, respectively). There four fines 
are the only finea in the flash *"im bekmging to Ca + . The* hydr og en fin— 
an the contrary do not belong to the ionised atom but to the neutral atom, 
and moreover the Hn— of the Bruces series, the only series of hydrogen in the 
visible spectrum, belong to a subordinate series and not to the principal one. 
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The cdjb of the dement Mg Is nleo i n t e res ti ng end peculiar. In the chromo¬ 
sphere appear the three lines of the weE-known b group in the green (« i P~e i 5), 
tlia triplet (fl*P — PD) In the vkdet at 1 38J8, 1 3832 and 1 3829 ; and also the 
triplet (e*JP — PS) at wave-lengths 3336,3332 and 3329 . No other triplets are 
known In the region covered by the flash spectrum. All of the stranger single 
lines of Mg are also found in the chromosphere. In {act, every line listed by 
Uussxll 1 belonging to the triplet and singlet systems is found In the chromosphere. 

In view of the prominent role played by the lines of the neutral atom, one would 
naturally expect that the lines of looted Mg might also be specially brlDant, 
just os is tho case with kxdsed Ca, The oily Hite of Mg+ of any importance 
In Hoior and stellar spectra h o we ver is the well-known 1 4481. In the flash spec¬ 
trum tlmra is a Hne at this wave-length, but it is weak and in no respect does 
it rivnl tbs Hues H and K of «nlt*ne»d Ca, The reason is dear by referring to 
Russell's tabu*. The Hne 14481 belongs to the fundamental series of looted 
Mgt (** D — o‘F), which is difficult to ***4ta < with an exdtntloo potential 
of 8,83 volt, and it Is moreover erf the "comhbHLtkm" type where two Internal 
cliaiigaB have tsiwi pUrn sabsequent to lontetknL. Consequently, this Hne is 
]>roduccd with the great e st difficulty, and therefore its presence only in the 
Kiuctra of tho hottest stars is thus explained. 

Saua's theory thus interprets in. a beautifully dear manner the sys temati c 
(Uffuraicoa between tho flash spe c tr um , the solar spec tram and the sun-spot 
spectrum. It goes much further, however, and fnmlahea the canes' of the 
proarewdon in typo of tho stars from the red stars of daas M to the early 
tyres* of B and O. Lockyxk was the first to call attention to the c h a n g e in 
trio apponrunen of the Hnas H and K, with a maximum intensity in the later 
typo Htnni, and becoming faint in early B stars and dteppearbg In certain 
O stars. Locktxk's interpretation, one of temperature only, was un sa ti s f acto ry. 
Tho hydrogen lines have their maxirnmn at type AO and are leas in tense in 
l»oth thu oariler and late types. The lines of neutral heHum appear ooly to 
tlm stars of vary oariy typo, while the 1 4686 Hne and the Pickodig ■enea 
duo to enhanced beHum are found only in still earlier type* The c unflHVnu 
of apponnmeo and disappearance of spectra Hnei dne to io n tetum aw‘ g™* 
uldufond it has thus been pomlble to ategn tmnperslures to ates of dlffmt 
tyuos which are in substantial agreement with those dewed from other Hoes 
of reicnrch. An of tho difficulties have not been entirely cleared away, but 

tlwru hua boon a gnat step tewsitL _ . ,_ u _ _j 

Tim rlbctwkm of tho chrwnoqphare from spectra 
1905 and 1925 tmdartaknn by the author is nearing coin$t&a- The region 

InSwied in the dtoa-ton i. that 

1 won In tho rod. In Sootioo b is given a portion of tho tabrn s T 

tTtirf.tahtoit will £ seen ST a glance *at the enhanced 

Mnroow, tho onbnncad line. <*tmd tn to poto r ho^Ha tovo to photo- 

mihoro than do tho linos of the cxdinary oc «aflsMe. 

^ On account of the excoDent material on multiplet 
mrttota^t of Ht»nx, ithp-W. to^taa »tor 
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Davidson and Strattok 1 have already grouped the lines from thulr 
spectra according to the mnltipleti shown by the different elements. To thl:> 
Hat they have added 1 the of nnd cobalt. 

Farther, David*)* and Stratto* (loc. dt) have compered tho ItrighM 
of the elements in the chromosphere u shown by the lengths of the nn-» 
from their 4936 spectra with similar heights from the 4905 spectra. For miAni‘< 
already stated In Section b, than may be systematic differences in lidglii* 
determined by lengths of area from spectra taken by different instnuiNiiln 
taken at the some or different erilpnaa. These dlffanmcoa are mainly dopuHliiil 
on the definition, etc. of the spectre. 

UnOHKix finds tho Unea 3 and K extending to 44000 km both In his 
4905 and 4925 spectra*, whereas the 4926 spectre give alooser height of 92Mikui. 
With this exception, the heights of the high level fines show a substantial ugnv* 
meat in 4905 and 4926. On the contrary, Unea of medium level mcUittl (n 
greater devatkma in 4926 than in 4905. In a similar manner, Uitcuri.i. Im*< 
found 4 that there ia an agreement as to the high level Unea of 4905 and 1iU4, 


bat that the heights of the medium level lines in 4925 are graaler tiuui limit* 
of 1905 . The question of heights or levels will be treated at greater lnngtli l>y 
the author in roe complete dlseuatai of the flash spectr um already alhultil \*u 
In connection with the heights of five chr omo sphere reference hIuhiLI In* 
made to the very valuable aeries of papers by Mil** which have npjMMnl 
in MN 84. p. 354 (4924); 85* p. 444 (4924); 86, p. 8 (4925); 86, p, S7H (lyibl; 
87. p. 697 (1927) and 88 , p. 49) (4928). P. A. Taylor* has extended Mii.MkV 
theory of equilibrium of the cakinm chromosphere to te ko into account llu* 
curvature of the son's surface and the variation of gravity with dbrtoncn (mm 
the center af tee son. The intensity variations of tho H and K Hnax nf nil- 
dam were compared fay Taylor! with the observed intmritios from \AaUf 
taken during totality at the 4926 eeUpae, when it was found that all jmt ink* 
ten-thousandth of the wdght of the calditm chromoephero was snpjmrtuil by 
radiation preaanre. The observations extending over a nmgo of 40UH It* 
)0000km showed a anhatantial agreement botwwn ttesory and proctiau 

MiLKx'a mech a nic s of tee ionised caldmn atom have given the intensflnu 
rc ro c h ak ni a (1) that tee Hnei of the diffuse tripfet in the infra-red an< in In* 
expected at all heights at which tiu Unea of the principal doublet, 3 and A\ 
appear; and (2) that tiie infra-red lines should bo more intense tii&n tl anil K 
at low levels in the chromosphere, whilst at high levels they should In fidnl. r. 
Preperatkms wm made by David*}* to observe the infrared portion nr llu* 
4 Kctrum at the ochpaes of 4926 and 4927. bat witiiont auroras. In MN HH. 
p. yo (1927), he describes the m e thod by which the photograjdw wciv* 
obtained without waiting for an eclipse. As a result of the mauuuit* of 
tee photographs he finds that at tee level at which the infrared Him* un* 
strangrat (probably between 4000 and 2000km) the relative intenaitin of 1 H-NN. 
8542 and 8662 were estimated as 4,0; 4,7:1,4. The relative introaltkw <it K* 

andffswerededDcedinaaimflarnianiier tobe 4 ^: 03 : 0 A Tho infra-n-il 

ttoelwa was than compared with 3 in the same manner. This comimrirtuii 
inaented c nmpHrarton a rince corrections had to be nude tor the sky SpuHrujii 
°q account of the fact teat different proportions of aky light wore bu)m.t)u*i| 
on tee pfaote apheric H#it in the two regions. It was found that at the W 
level between 4000 and 2000 km the infrared Hne Z 8542 wu more intim thou 


; ““ P- it>5 (4927). * M * 87, p. 739 (4907% 

I 5" “J° B ™“ D * 48, p. 45 (1905% 4 Ota' 48, p. 

• MN 87. p. 603 (49*7).• . • MN 87, p. 646 (1987). 




dph, 


Ap p U o art o n at Baha'i Tbaoryl. 


305 


B In tba. ratio of 1,5:1A If therefore the intenritire of three Una an redoced 
to the anus intensity scale, where 1,0 rep res en ts that of K, then the Intensities 
of 2 8498, 8542 and 8662 ire as the ratios 0,9:1,5 : 1*0; while K, H and Bt have 
the Intend ties 1 , 0 : 0 , 8 : 0 , 6 . These valuable observations by Davidsom confirm 
in an interesting manner Miunt’a theoretical c oocluriopa. 

At the ocflpee of June 29 , 1927 , Fanhxxoek and Muoiadt 1 socoied ex¬ 
cellent photographs of the flash sp e ct r um at Gfllttvare In Taphnd, one of the few 
locaHtke where clear ikies greeted the o bser ver s of this eclipse. The instrument 
used was a silt spectrograph of three p risms, the beam of light pairing twice 
through the prisms. The sp e ctrum of the first flash was in excellent definition 
from 14154 to 14751, the dtapenlan of 1 mm equal to three Angstroms bring 
file largest that has ever been mccfftilly employed an eriipee spectra. 

The most Interesting pert of the dlanmrinn is the photometry of the flash 
spectrum, the Ifa&L registering nrierophotametar being need. Three stripe of the 
spectrum were measured; fa) and (b) of the flash and (c) the caothmoua spectrum 
ci the disappearing edge of the son. Strip (b) s u perposed an a strong continuous 
spectrum was evidently at a low er level than (a) where a mountain on the moan 
was Interposed. 

No attempts were made to measure the exact wavelengths of the obramo- 
spheric lines, their poritkms being read off from the mloopbotometer aheots 
and wave-lengths derived by a Haktmaxh formula. Identifiestinna were made 
by comparisons with Kayhee's Hauptllnlen der Llnlenapectra ( 1926 ) and 
included oil strong Unea within 0,2 A (or more) from the measured wave¬ 
length. In tonal tire were i iipriiid in mheolnte units of to - ergs per second 
emitted by unit aoUd angle of the chromosphere. Comparisons were nude in aadi 
case with Rowland ana with the Intensities estimated by Httchxll from the 
1905 oollpeo. There la an excellent agreement b e t w e e n the 1905 and 1927 xesnlte. 

To derive absolute units of energy of the source in t he cfann noephae from 
the measured transmlmlons of the mlmophototneter at . diffe re n t wave-lengths 
is a problem bosot with many dtfVnltire. By the employment of various methods 
of calibration this may be a«*^npMiihed in three atepri: (1) Ffnm the measured 
tranxmhvdno curve for a short Interval of wavelengths to find the apparent 
intensity. (2) By propar allowance for instrumental causes such as change 
of disporrion in the apootragraph, color sensitivity of the photographic plate, 
•riectwe absorption in the apparatus, otc, to riiange the apparent intenritire into 
real lntoneitloa. (3) By proper methods of caUbratkxi and stnnriardixatinn 
it la nocoaeory to find the absolute intensities. According to PAxxxxoxx 
and Mwnabbt, "It 1 m easy to foraoo that the determination of the apparent 
Intensities la tho moat accurate, that the determination of the real intenritiai la 
more difficult, and that tho determination of the absolute intenritire may be 
llahlo to many a onrere of errant", 

In the course of the work it was found that for deriving the intaosllire of 
faint linn an a conti n uous spectrum the eye is mare smritive then the mlcro- 
pbotomotor. Moreover, since the two strips af the flash spectrum (a) end (b) 
ware aadi superposed on stripe of continuous spectrum, stronger in one case 
than in the otliar, it was lmpaeriblo to make proper allowance far the effects of 
tho continuous spectrum and thus obtain the intenritire. of the chromospheric 
lines free front the light from the photosphere. 

After making afiowanoe far all possible factors and deriving Intenritire 
measured in abeaurte units, co mp a ri s on s were made with Rowland's in trtriflre 
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in the nm and with Kaykkh’s intensities recorded in "Hauptllnien''. A satfe- 
fsctcry inte r p re ta tion of these comparisons is encnmbered with grave difficulties 
tar die muon that the abednte scale of intnmdtim derived from the mkrophoto- 
meter readings has no definite relationship with the arbitr ary estimates by 
Rowlavd and by K*ybkb. On accormt of the many Knee in the iron spectrum, 
comparisons were mast complete for thi» element. Between the mirrophoto- 
tneter intensities end Kaybeb there wee shown to be a strong dependence on 
wave-length, a line at X 4X0 having a three-fold greater microphotometer inten¬ 
sity than a hue at similar Kaybeb intensity at X 4700. Furthar, it was bond 
that than is s dose agreement between'Rowuiro's solar in tonal ties and Kaybeb's 
figures far Fe, bat the same is not true for other important elements in the nm, 
Uhe Cr, Kn, Tl, N1 and Co, the Rowland intensities being much lower than the 
Kaybeb intensities in the elements. Pajoibedee and Mum asst (loo. dt. p, 100) 
find a good agreement b et we en Mitchell's chromosphorio intensities and those 
of Rowlajtd. The differences noted at the ends of the scales are quite to be 
cr pec te d since Rowlahd solar vahus corra sp cmd to arc intensities while those 
nf the Ar nmnsp here ngrea mm dosaly with spark intnitias whura tiin nnhanoftd 

Hfiw Tifirfinw , 

Very inte res tin g and vahfeh le comparisons were made between the measured 
intensities of the chnxnospberic and those derived from theoretical con-. 
■IderallaDs in the fines of multiplet series. 

In the past few yean much valuable work 1 has bean done upon tho inten¬ 
sifies af fines in multiplet series sod fammlaii have been derived mdopendootly 
end simu ltan e ou sly by a number of diffa e nt investigators. Thao formulas 
based on the aaraijundimcs principle, give the t r ansiti on pro baMfitfes as a 
function of the quantum numbers, thefe probaUHtias when multiplied by ** 
being jEDpartionsl to the energy unified in. the separate fines. From the com- 
paijn sa made by PAin m n a a and Mum **bt it wU found that "The energy 
gntttad by the whole chnnnoepiun in each of these wavo-lmgtha is not propor¬ 
tional to the theoretical emUoa, Xn gcrunl, tho t A tr uwl fpcrasiw 

together with the theoretical intensities, but mare slowly. This proves that the 
ahreanosphere may not be considered as sn optically tWn layer of small efiective 
depth, tat that mere is sn appreciable amount of self-absorption in the layer of 
gas viewed tangentially’ 1 . 

Tho rogiem investigated at the 4927 eclipse, 14453 to 14754, is but a smell 
portion of the fladi spectrum now avafiahfe fa aimflu r discussion. Heheel ^ 
had under dleminu for wane time the reduction of the Lick plata h»Vnn by 
C i i tf itti i with moving plate in 4905, and Mitchell has nearly ready fir publi¬ 
cation a Hhnfltr dieawrion of Us spectra of 4905 and 4925, where the region id in¬ 
vestigation stretches bum 1J100 to X 7200, with the nddWryipl Inform. of 
the depth of the layer firming each fine as measured from tho MHp w spectra. 

By mean s of the lata i d ti es of 4388 fines in 288 tnulilplet wwrfes^r the safer 
■pec tram Ru iw.it , , Amm end Jfia Moors have investigated* Rowland's 
sca le of Int ensities in Us Table of safer fines and have derived a simple method ' 
for reducing Rowland's arUtxmry scale to one on a unifarm qyitem. They find, 
far tn ita ncs , tint the Rowland scale at X 4200 Is seven percent greater than at 
1 47P0, VrUfe PAMBmiad and MlNNABBT fotmd ft rmtin nf thrsw ‘K irnd Tft d • 

H e n c e , it is evidret etiha 1 that these investigator have not o wrisd otupropor 
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methods a£ caBhmtkn far deriving a uniform abaohite scale from their mlcro- 
pbatazneter measures, ar rise that the homogeneous tale derived at Ht. Wilson 
m the process of the revision of Rowland's Table must be changed by a large 
factor depending on wavelength. 

Farther discussions carried oat by Famcuon 1 mi the "Intensity end 
SeH-Absarptian of Chromospheric Lines 1 ' lead to the chnrfmdnn that the 
density of the chromospheric guns bring small, the effect of cnlHrinm may be 
neglected with the result that absorption and wnisrinn d radiation Is the only 
me thod of energy transfer. The ntnrna forming the chnsnaspibere Wng wj ywi 
to the radiation of the photosphere from the haniapbere below, there Is no dimi- 
iration of radiation at the highest level®. This ImpHwf +W the chromospheric 
gases prodneo only a ™ll part of the total absorption in the atm o sph e re 
and the con s equent remit that the Fuauxhofkb absorption tabes pkee almost 
completely within the confines of the lower reversing layer. There results are in 
agreement with the theoretical amchtalona that the chromospheric gam are 
up pe r 1«1 mainly by radiation prereare. However, the work c£ Omrersm 1 has 
shown that the far line intensities in multiplot series are only prox¬ 

imate, and bonce it will be nirinsiiji to await further investigations of the tin ah 
spectrum before final condnshma are drawn regarding the action of the chromo- 
sphere. 

By manna of the cuudA speotrngraph attached to the 10O~inch reflector of 
tho Ht. Wilson Observatory, spectra of large dispersion have been tafam of tire 
son and of stars from A to M types. A comparison by Anna and Russell 1 
of the in tens! tics of tho fines in the utellur spectre with the corresponding fines 
in the solar spectrum has permitted the determination of a formula camrecting 
the relative numbers at ■+rmny producing the —mw Him in diffe r ent atari with 
tho relative numbers of normal neutral atoms, the excitation potential, the state 
of ionisation, the electron pr i m o n and the temperatures of the staxa. The 
rusuttB are baaed on two assumptions, namely, that atoms at different levels 
in the atmosphere are equally e ff e ctiv e In producing a line, and that tire relative 
numbare of in dUrerent states are in thermodynamic equilibrium. 

As tho spectrum of tho chromosphere resembles very darely that of 7 Cygnl 
wo may adopt the oonohnkire of Anisia and Russell (loc. dtp. 36) that for the 
diffarent elnmonta tho relative numbers ci atoms in the solar chromosphere wtw 
compared with those in the photoaphare are according the following values: 
Fe, 1,9; Tl, ifi; Ca, 2.2; 4J; Mn, 4,8; Cr. 4 A; V. 0,9; Na, 2 J; Fe+, 475; 

Ti+ 80; Ba+ 45; Se+ 95;VS 465. 

It will bo soon from tbaso results that tire neutral atoms of the elements Fe, 
Ca, Mg, Mn, Cr and Na are relatively mare abundant and axreeqaaitiy give 
lines of greater intensities in tire chromosphere than in the sun. It will also be 
—wn that on account of tire greeter abundance of their atumt the wvhmwd lin es 
have vastly greater intensities in the c hr omos p here than in the photosphere. 
From investigations an tho widths cf the ultimate fines, UwbOld 4 has found 
that far Ca the number of ionised atoms is seven hundred times that of the 
neutral atoms and two hundred times that far Sr. The enhanced fines of Ca, 
Sr, Sc, TI and other elements of easy innlatitm are much sti angaria the solar - 
spectrum than in tho arc spectrum, while in tire chromosphere the fines of these 
elements ere much stronger tfiap they are in the sun. In sun-spots, the arc fins 
of these elements ore greatly stnmgthened but tire enhanced fins are fittie affected. 
In tire son the element Fe, of great Importa nce from its numerous fines, shows 

■PtosZaa.p.6rt (Wti. 

* ZfPbjs46, p.772 (19*9. 
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greater strength far the sra Hum than for the enhanced Hues, but in the chromo¬ 
sphere, on the contr ary , the latte Una are very strong. 

The di arm anion, ao ably carried ant by Adajcb and RuagiLL, a*™ not to 
confirm their assumption of thermodynamic oqnfHhrfum in that the relative 
numbers of atoms in excited states, especially those of high energy, an much 
greater than is indicated by theory. 

It fa evident, as has been painted ant by Milne 1 , that the final word 
has not yet (1928) been add in the development of the theory of ionix&tkm 
and that caution moat be exercised in applying the reaulia of theory to observed 
ph momma. 

IT. Investigations of Evdsbid and of 9r. Jam. Ftxhapa the mmt valu¬ 
able contribution to the subject of astrophysics gained from the study of the 
flash spectrum has been the recognit i on of the Importance of levels In the dfe- 
curelan of spectra, whetlw of the son and of the atnis. Tho terns "high-level" 
and ,f low4ovel M first applied to rile nmiiwis of spectral Hues of the urn have 
now h*wn incor p orated yit» in wri garin™ of tiie stare. This is not the time 
nor plsra to in drfufl the questions of level and their consequences. 

Same of these problems, such for instance the rotation of the ran, have already 
been up In <r EdipMB of the Son". 

However, on account of the very intimate c onn ection with levels, the effect 
discovered in 1909 by EvxuaBED will be treated briefly here. With the aiit of hfa 
spectrograph placed scrum a nm-spot he found that the wavelengths of Unea 
In the penumbra of the spots wme different from the values at the center of 
the son. The displacements, which affected practically all of the Hnaa of tho 
reversing layer, were not constant but differed In amount depending an the 
intensity of the fines investigated. The shift was greater for the weaker lloa 
af the spectrum than it was ftx the strongs lines. Evxbshxd advanced the 
hypotheab that the observed displacements axe the result of the Dopplks affect, 
and that in nrmsnqnmme, the gases of the io voting layer are in radial motion 
tangential to aofar surface”. 

Fallowing the annoanosment of this important diacovery, St. John began 
an flxtevfari cries of investigations into the subject, the results of the obser¬ 
vations being published in the Crnilrilmtims from the Mount Wilson Obser¬ 
vatory, Nob. 69, 74 and 88 . The observations were carried out by photography 
with the 60-foot tower telescope, with the image of the sun 170 mm in diameter, 
.the penumbra, of the spots investigated averaging 3,0 mm in diameter. The 
plates in the violet and green were faW" in the third ardor Mid forum 

in the yellow and red fa the second order. For the two cares the dfaperafen. 
was 1 mm — 0,56 A and 1 mm — 0^6 A, r e sp e cti vely. Moasarea were carried 
out on 506 fines, some of the fines being meuured on no fare than thirty plates. 

The Mt. Wfim meaanremfaits, ao carefully mads by Mbs Wake, abundantly 
vrrtfiod Evxbshxd* a concbiakma that tiie defacements are caused by move¬ 
ments erf the —dr vapors tangential to the p^d radial to fo* pwfa 

af the apot. There motions are none other than the actual flow af the material 
af the reverafag. layer out of the spots and of the matter farming the chromo¬ 
sphere Into the spot vortex. 

Sr. John made a detailed compari s on of the ML WOrenmessnreihmtaaf the 
Evxbshxd effect with the he ig h ts de te r min ed by Mwnwwi j. fam fop ecF pw ipep- 

H "f «nH winrfiirf nMnf t|w MyW ghM t , ln i pi H«nrw. On XCOQQt 

af the richne ss of the eefipre spectre* the pecufiaritiea of fadMdnal fines were 
‘ 1 MJT B9i p. ^7 few*. 

* Knrt a lkas al Obi Biffl JH. XV (1909); Khdrifc a n a l ObaMrai 1 , Part I H9Q9). 






dptu 17 . 


Lro tlptiai i of Ew—nm and a t Sr. Jam. 


309 


■waged oat, and the lines due to different dcmentB amid be caualdned se¬ 
parately. As iron in the element of the greatest camber af lines In the flub and 
wifi in Eh* miIt spectrum, tbs information from iron is man complete 
than far the other elements. No less than 356 tines with no iAmtiflraflnn other 
thin Fe appear in the flash spectrum. The first co nchudim reached, in c omp a ring 
the intenmties of the flaJi Hnf with th* observed heights, la almoat aelf-evident, 
and that la, that the atrongor the line in the flash spectrum the highs it 
firtenda, above the photosphere. Aa a corofluy (but not ao obvious) ia the am- 
dnalan that weak FsAUVEona Unea originate at lower levels than do the 
st ro n ger Hnea of the aame eleromt. By excluding the enhanced Hues. thelbDow- 
ing table gives St. Jami'a xeauits ter Fe where the lines axe ritarifiwri accord¬ 
ing to their Rowlamd intmaltles 1 : 


Fa Linas and Laral u shown by Flash Spectra. 







M 

trflia 

■ 





4 

tv 

X> 

El 

0 

4* 

4fl 

M 

M 

9 

Solar InleuriMaa 

00 

0 

1 

3 

3 

4 

5 

6 

IWI 

34 

M 

7fi 

Ftorii Intsaritiaa 

oas 


043 

04 

M 

1.6 

3,0 1 

3.5 

in km ■ 

375 | 

279 

388 

344 

369 

397 

425 ! 

488 

590 

806 


Rhnflflr results are found by ennaiderteg other ele ments separately, each 
as IT, C, etc. Aa a oon a n q nm c n of these tabular values, it terms inmnmjHe to 
wwwi to any other than that a Fbaumeorr Hn» of Fe III tensity 0 

takoa ite origin at a lower lovol than a line of intensity' 4, and in turn this line 
ia found to originate below a Une of intensity 10. If now we add to the theory 
of louteatkm our knowledge of the loveb where Fbauhhojxr Unea do take their 
origin wo roach an adequate nypfanaHrm of the in outHne of the dark 

Urn of the solar spectrum. ionlaatkai of a gas makes it opaque, or in a con¬ 
dition whore it cannot transmit radiation. It aaama probahk that at a depth 
in tho aim whore tbo lii i hu la approximately 0/H a tm o nphar ea (Im a rtrtel) , 
the iaulsod gaa la sufficiently opaque to prevent radktkm from furttur down 
in tho « nn thmn gh tma layer and reaching the aufrrmoet regtena 

of tho ravening layer. Cooaomxiitly, the malar portion of the absorption form¬ 
ing tho Fkauxhork lines takes place withm the conflow of the layer which 
U courpurotivoly shallow in depth. Moreover, tho elevation at which this hmfaa d 
layer a found, varies not only with tho different dairies! elements but changes 
with spectral linos of different intenaftka of each of the elcmaite. It is quite 
raaaanablo to auppoM, from tho above theory, that tho infilling layer for a strong 
Uno cri any ukunont, my a Fe-tine af intensity to, will he found at a greater ele¬ 
vation above tho awago level af the photosphere than a Fe-Hne of mailer 
intensity, anoh aa 4. 

Tima a rational explanation ia derived ter the following candnakma: (i), that 
strong tinea in tho FSAUimma s p ec tram take tbrir origin at a greater avenge 
devotion tbiro weaker ttnm of the aame dement; (2), mat the elevations vary 
from dwmicnl olomont to dement; and 0), the enhanced Unea are foond at 
greater heights than the o r din ary Unea in the sp e ct r um of the same elanont. 

If now the Evkuhed displacement! are co mpa red with the foregoing table, 
we roach anno Interesting namlts, aa giv e n in the following table*. 


1 M£ WDaon Cortr » 
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the Ban's surface. The motions mourned In kuometen per second i 
obtained by multiplying by 60 the dtoplacBments in wave-lengths. 

The laywi closest to the son's surface have a motion of translation ( 
of the spot at the rate of two Idkaneten per recond* and this motion becomes 1 
and Lore at greater and greater elevations until, at a height of about two thoaua 
kflometen, the motion out w ard of gum from the amt-spot ceases. 1 
to ^ vapora above tM* level? The I nfosm atinn fnmnhed by tins 
of St. Jcjhm is very dwflrrfta and apparently admits of no craitfidirtirm. Abe 
tfaii level of inversion* the gum of the «Sinmi^i«piiwn » taha a m otion duty 
them into the apoL Aa greater and greater elevations axe readied theae mo 
neats increase in amount. At the heights reached by tinea of 

•chromosphere* which axe attained only by the H «md K tinea of the dement C 
there to a m o v e m e nt of the cslrtmn vapor into the spot at a speed of 3*8 
per second corresponding to a displacement measured by Sr. Jamr of — 0,065 
In the fbHawing table 1 there ia adjected the evaflahle tnfnrmatiar from 
measures of heights derived from 2841 tins in the flssh spectrum of 1905 i 
of displacements dim to the Eyxshhed efftwa from 506 ii"— in the penom 
of nm-spota. The -4* symbol affined to an dement, as Ca+, u usual rigid 
that the line in the s p e ctr um is enhanced and that it takaa its origin from 
ionised atom. 

Motlona of Bolar Gasss at Various Levels. 


0.5 d o w n wa rd s 
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It is evident* from a glance at the above table, that the enhanced 1 
not only eat end to gratis elevation than do the nnoihanced tines of the a 
1 CL SoUpoes of the Baa, p. 341. 
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element, bat that -the Etxshhxd effect far them la maro p ron ouD ced u wcIL 
Aa already ptntod, the incraand heigh hi to which these wpon aacand carreepoad 
to greatly riimtnlahnd pre ss ur e s . The enhanced Unas of any particular dement 
are camparattrely few in number. likewise the total number of atoms of any 
chemical dement ionised most always be a very amoQ percentage of the total 
number of atoms. If therefore in the above table, we toko regard only of the 
ordinary neatzal atoms, or those which have not hxt an electron. It is seen that 
the venom in the solar atm n wphera arrange theztaadvea more or lev in layers 
according to their a tomi c weights. The gni t hy d ro g en , extendi to the 

greatest heighti shown by any neutral atom, and next to h y d r og en in elevation 
cornea holhnn. Next in elevation to H and He come the heights attained by Mg, 
the strongest Fe Hnes and the 14227-tino at neatral Ca. Thus the neutral atom 
of Ca, es well is the Ca+ atom, give to cairbim a specially promioait place in 
the pM'twWr hhl> of elemont a. The strength of the lmsa in the solar and in the 
flash spectrum as well as the heights attained by both the neutral and the ionised 
atom of Ca are greats* than one would expect a priori from the position of this 
element In the periodic table. 

If now attention is rwntwm H on the dements of greatest atomic weight, 
we find.in the flash sp e dnm i no tines belonging to U ( 238 ), Ra ( 226 ), Pt (195), 
It ( 193 ), W (184), Hg (200) (the nnmben in parentheses representing the atomic 
Wolghta). In fact tbse Is no dement found in the flesh with an atomic weight 
greats than 167. If any of them heavy elements are promt in the son (end 
there is every reason to betisve' that they are in the eon), they must exist only 
In the strata lying closest to tho photosphere. In feet, this lays most be below 
the lowest layur caught by the flash sp ectrum photographs. The heaviest de¬ 
ments actually found in the flash ipoctrum are bazh^m (at. wt 13 7), and a 
number of the rare earths, La, Co, Nd and others, with atomic weights between 
139 end 167. In fact, Ba and the rare earths ire the only dements with atomic 
mights gnatar than 91 that axe discovered with certainty in the flash. However, 
attention should be called to toe fact that the only Mnm of the rare earths 
found in the flash ipoctrum ore enhanced tinea. It is evident, therefore, that 
tho gnsas surrounding the sun arrmngo themselves mens or less in concentric layers, 
the heaviest gases reaching very low elevations and the heights attained incressB 
for lighter and lighter gusea. For tho neutral atom, the greatest levels are reached 
by tho doment of least atomic weight, hydrogen, while far the ionised atom, tho 
dement Ca+ reaches heights oven greater than those attained by neutral H. 

18. Summary of Results. Wo are now in a p osit i o n to malm a summary 
of results achieved for the flssh spectrum and to make l e cumm e n dat ion s tor 
future work. The following general coodndona may be drawn: 

1 . On account of tho diifocunt amdltioui under which the flesh spectrum 
and Phatohorb spectrum originate, It la probable that wavo4engths from 
the two snoctra differ systematically. 

2. With actipao spectra, on account of tho paucity of time available, it is 
impossible to uao a dfapardon much in «<'*■ of 1 mm a» 5 A. Such a dispersion 
permits on accuracy of wavu-tongths, with good defini t io n, of about 0,02 A. 

5 . Thom are no systematic differences in wave-length between cfarocno- 
sphedo and solar ipoctru m amounting to ss modi as 0,02 A. 

4 . Evcty strong lino in tho Fhauhhotb sp e ctru m is found in the flesh 
s p e ctru m, and every strong tine in the latter (with the exception of Hsajd He tines) 
is matched, by a tine in the former. 

5 . Tho chromospheric ■ rw im m dtffoes greatly from the ordinary so l a r 
spectrum in the intensities of the spectral tinea. 


tubed. by a tine in the former. 
. Tho chromospheric ipoctrum 
um in tho intensities of tho spe 
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6. The Fbaumhover spectrum la uwc ntia l l y an arc spectrum. Tho chromo¬ 
spheric s p e ctrum more doeely resembles the spark spe ct r um and Its spectrum 
co r r e sp o nds to an n aazUer ,> type than that of the atm. 

7 . WHhin certain limitations, the flash spectium may be regarded aa a 
reversal of the Fkauxhovxs. spectrum. 

8. Especially prominent in the chromosphere are tho wnhancnd llnaw. 

9 . The enhanced lioea aacend to greater elevations above the photosphere 
than do the ordinary'or nor ma l Unea. 

10 . The increased elevations cause rapidly diminishing presume, 

11. As shown by Saba, the reduced pressu res permit the ready Ionisation 
.of the and as a remit the Hw of the ionised gfr*™ are specially prominent 
In the flash spectrum. The enhanced Unea are produced by tho imlwA atoms, 

12. The importance of levels In the thacnrtm of solar and stellar spectra 
ia thus recngntaad. 

13 . The "flash" is not an Instantaneous appearance. At tho beginning 
of totality the chromospheric Unea of greatest elevation appear first, and at 
the end at totality remain the longest 

14. The " r aveni n g layer” which contains the majority of tho lowJovol 
Hb m of the chromosphere is about tiOO l™ in height. 

15. The "reventrig layir" has no tnbtmc* separate from the chromosphere. 

16. The darignatioi “ravening layer” la a useful term to keep in the literature 
to rignlfy the densest part of the chromosphere lying doaoet to the photosphere, 
L e,, die region within which takes pk»r» the greatest pardon of the absorption 
p rod ucing the Fbauvhokr Unea. 

17. The “Evxbshxd effect” measured in sun-spots, and photographs with 
the speclrahchograph taken at different levels prove that the shadings of such 
■tang lines as H and K are caused by absorption at different levels anapromurea 
above the photosphme. 

18. The depth of the chromosphere is not constant. 

10 . Reenm manrt a tion s for Future Work. Recommondatioos for future 
work an the s p ediui u of the chromosphere may be briafly summarised as follows. 
The mart important contribution of such spectra to the subject of f pltir physics 
will undoubtedly come from liivMtlgnftnra of levels of thospoctral 

Unes fax order to gain further infonuatiwi regarding shawl* structure. The w m 
is the ima i wd. of the find stare and on account of its proximity its structure 
may be nw i n loed in detafl. In the sun and stars are found high temperatures, 
wry minute pressures and flhrirarMgrwHn conditions that together canae ionis¬ 
ation t o take place with great facility. The caiaadal Jebcnttrim thus qpcmd 
to the sitrooomer have given him the oppor t u n ity of suppl ementin g the work 
cf the phjairlil end chemist in the comhmed attack an atomic structure, kfimh 
of wine has boon le a rn e d, mu ch more is at hand to thru who mafc the inform¬ 
ation. The mart fruitful Add af investigation seems to be the chronuaidusft. 

In the Eroart af the B c Up s e Center af the International Astronomical 
Union prearoteA at Leiden in 1928 , the Mowing appears: "Large scale slit 
spectra of high dfaporton are required to study variations of wavwimgth from 
the Rowlaitd whies. The work on changes from center to Hmb of the sun's 
GDtt needs to be followed through the reversing layer into the low chromosphere, 
Otearvations madeifrom near the edge of the totality belt would probably bast 
preside the desired material 1 , or observations of the ohramoephore it'the can 
with grating s of high dfcponfam 1 ”. 
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"Spectrophotometrte work od the Intend tin of lines at d iffe re n t heights 
is very much needed now. The moving plate method, though not perfect, 
should give good results under favorable conditions, L e., at mlntnmm solar 
activity when the chromosphere is most quteacmt The presence of a prominence 
would givo heights. Tnfnrmntirtn an tiro distribution of prominences 
on the limb broadcasted by wireless to eclipse expert! Anna might ho helpful 
in this connection. A determination la required of the abrehrte relative Intens¬ 
ities of the Ionised cekhrai multiplete In the violet, E end K, and in the 
infra-red at wave-length 8G0Q. Rxtenrinna towards the infrared are becoming 
poorible and should be prereed as fer as possible." 

l< Sp e cQup hotometric work on the Baum series, and an the conti nu ous 
spectrum at the head of the safes, and on the cmtinnoia spectrum coming 
from prominences may all lead to remits af very coosidaabla value. In parti¬ 
cular, the head of the Baum safes needs to be examined with higher dte- 
pairfon to tart the ovgfep by the hydrogen ca n ti n uore sp e ctrum . A determination 
of tha relative intmaltlea of Hues at different excitation potential at different 
heights should sbo prove af Interest Fbr this work to lave its full value, it 
is important that the distribution of the radiation of the continuous spectrum 
of the sun should be with greater ac cnr acy (avoiding Integration af 

absorption Hues) and- going farther into the uKru-vinlet fhyn Iim beai done 
at praKnt” 

These recommendations give the best thought of those who have been 
actively engaged at ectipore In photographing the spectrum of the chromosphere. 
It may not be out of place to Inq uire here Into the paeaibiUty of putting there 
very excellent recommcndatinns Into effect in the near future. Let ns taka up 
first the problem at the time of a solar aettpea fer an observer who is a ltn a ted 


within tho path of totality. It goes without saying that to be of the greatest 
vbIoo, photographs af tho flash spectrum should be reemed with Jorge dfeper- 
sian, tiny should extend as fer into tho violet and as far into the red as poreUrie, 
tho definition should bo of vny boot and the ox poa nr e a should be timed so as to 
photograph tho vay lowest poaribfe levels. To secure the beat definition, the 
cutest method hi undoubtedly to amploy a sUt spectrograph. Such an instru¬ 
ment con bo randfly adjusted under tbs temporary cnmntkns af sn ectipre 
camp and tho adjustment! can be xulted upon to remain jracttoaHy unchanged. 
In feet, most of tho half-doom photographs exhibiting the best deflnlllnn in the 
flash spoctrum which have been ao curo d up to the prreent time have been 
actually obtained by silt s pe c tr ograp hs. Sadi photographs permit the accurate 
dotormraiitten af wavo-fengtbs but con give little infigmetiwi concerning the 
levda at which there linn toko their origin. A sUt sp e ctro graph used at edtpare 
is always cons true tod of prisms, with tibe result that large dispersion from the 
use af a' given In e tnim mt is pirefliln only at the violet aid of the spectrum. 
As already has bean stated, it is tmpnsaftwi to employ at odipore a dtepaston 
mffictently high to pHrml fc the detection of «yrt wmnHn differences in wave¬ 
lengths b et ween the Fbauhhofxh and dmanoapherio spectrum, we come to the 
cooduskm that echpre wnvo-tangtha ore af soqondery importance, since they 
■Srve merely as -a means of scoomtdy identifying the angina of the spectral 
Him*. Qf arena it is nocoarery that wavelengths most be determined with as 
high an accuracy as ppwdhlft but inch wave-lengths osh be der i ved with s u M cfant 
accuracy with mtioB instruments provided the definition is perfect Al thoug h 
It is admittedly fer to gat good ddhdtiai by the use of a sUt spectro¬ 
graph, ggn p a e obrerver will have to decide far hlmrelf whether to try the 
eerier method tnul tbauby saaiflce infl'nnaHfi i^gurrllug levels, or to try the 
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more difficult plan of photographing without a silt in order to attempt to gain 
knowledge regarding levels which la now (1928) tho meet important contrib¬ 
ution that can from spectra. 

Far reasona already stated In Section b, It is behoved by die author that 
tho greatest wntributiooi to knowledge of the chromosphere will come from 
photographs at total e dl pa ei with a concave grating without slit Attention 
should be called to a statement by J. A. Amdbbson 1 that in attempting to 
Increase the dtepankm of the eclipse spoctrograph this shonld not be dono by 
increasing the focal length and thereby increasing the risee of the chromospheric 
area. If the seeing la not of the beat at the time of the ocUpae, the area of 
the chromospheric arcs on the photographic plate will be increased with increase 
of focal length with the conaequmt diminution in the intensity of ilhnnin- 
atlon. As a result, the faint rirnimoapheric arcs will he below the threshold 
valne of the plate, and in rnnseqivsncn three Hues will be conspicuous by 
their nhaencc. To o v ercome tills difficulty, Akdxssom pot into practice lor 
the 192 6 echpeo the uaa of a 21-foot concave grating to increase the disper¬ 
sion but diminishing the rises of the chromospheric arcs by the employment 
of mirrors. 

The author does not believe that anyone will be brave enough, or perhaps 
foolhardy enough, to deliberately place Miwdf outride of the path of totality to 
photo grap h the gpectmm of the c hrom os pher e. Attheedipaeof igoO, Bvkbuxd 
found himself outride the ectipee track as the result of an aqddent. Hence to 
carry out the recmnmnndatlnns of the Edipse Center, already alluded to, it 
will be nocereary to watt until such a time when a total, or annular, or needy 
total echpae passes near an observatory whan is located a po w erf ul solar oqnip- 
moit Observation will be them powrfhle only an the condition that fhtf edipae 
is more than ninety-five percent total. However, in making plana for each an 
under t a kin g, ana should not forget the sad emparlance of Newell at the aottpre of 
1921, already alluded to in the preceding section, when with excellent equipment 
and under atmospheric nonditfona that appeared of tho beat he had the bitter 
dimppointmeut of securing no remits whatever. Unfortunately for tho reco mm en- 
datianaof tho Echpee Center, the only eclipee visible anywhere in the world within 
tiie next de ca d e when tho ariipsa track will pare near an observatory with power¬ 
ful solar equipment, Is that of April 28,1930. It la greatly to be regretted that 
the Mt. Wilson Obrervatcry will be too for away from the central Urns to permit 
the use of its Lo wer telescopes with any advantage. 

If progress is to be made in the near future an the spectrum of tho chromo¬ 
sphere with a greater dispersion thin la possible at eclipses the only possible 
method seems to be that of securing the photographs without waiting for an 
eclipse. Far reasons already stated in Section c of this memoir it iwoms 
quite doubtful whether it wifi pay to spend the time In such an attempt. The 
spectral lines of low-lying levels appear only under the superb conditions of 
w i rin g 10 on a scale of 10, which come almost never. However, if one has the 
equipment and the tremendous nation qq neceresry to Tnaim hundreds and bund- 
rede of ex po au r e a be may finally snoceed in getting at least one good photo¬ 
graph which will give an ennnnoos amount of information. The author would 
dearly Hks to he the fortunate one who would have soch a photograph to 
discus. 

Taken all in all, It appears probable that we thall have to rely u total 
ecU p ses far adding to the Information already available an the chromosphere. 
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The splendid work of Adams at tba Kt Wilson Obsa-vatnry in photographing 
the spectra of the brightest stars of various types with very high dkpqj rioc 
will supplement the suk an the chromosphere by giving information an series 
relationships and nraltiplet groups so much needed at the present time. This 
work, so bountifully Inaugurated with the powerfu l spectrograph attached to 
tlus lOO-inch mirror may be carried out with greater facility when the gigantic 
200-inch telescope Is pat into operation. 

e) Photographing the Corona. 

■0. Instr umen ts for Photographing the Corona. If we look back over 
tho past sixty yean «*nr« 1868 when astrophyalcfil methods woe tint applied 
to on actipse, we are immediately struck with the emasing pr ogress that has 
been made In ovoy department dt solar research except in that which concerns 
tho corona. Itself. In spite of the aitatmdlng wihfaffawnfi of modern astronomy, 
which at times fssmw to be shle shnost to accomplish the impos s ib le; no snrrgm 
has attended the efforts maiU to observe the corona outside of an edipse and 
tho ««wnn. stiQ remains osdualv dy an edtpse phenomenon. 

On s ffqHnt af the entrancing beauty of the corona end of the great interest 
in ocHpeoa, felt both by the astronomer and general public, each ecHp* as It 
crimes is arduously oheorved, but the troth must be told that success 
cnnnnansorato with the labcx spent is not always for thcomi ng. We still know 
stiffly Jlttlc of the corona and its physical meaning. The paucity of resalts so 
far achieved from edipse expeditions is due primarily to the fact tha t only on e 

honr of tinm frrofrtm clondi has been given to sstr on n nitgm fix cesncsl resn a rdi es 

alius tho day whan hbUmn wss first discovered in the dmsnospbere snd coro- 
ninm In tho corona by the me af the spectroscope. In this and in the fallowing 
soctfoas wu take stock of our present knowledge of the corona. 

Mu ocllpsu axpBditinn worthy of tho name will be fnDy equipped n nlem i t 
him us part of its program tho securing of large scale photographs of the cranna. 
Astronomy of tho future needs, as it has in the pest, to we na* the best photo¬ 
graphs obtahmhlo at ovory passible edipse. The Lick ^jtvsh^hss the 
most cumplota iwrira in axbtence, ^ 

Lick photographs hero always been se emed b y 

at tbo wm/tbo method davbod by Sc H a xnCTT . it, and a uniform food fcmgthd, 
forty feot lias born employed. KscaDoot drawings of 
total at total ed^sra from I896to 4922 

Tho five-inch aperture, forty*et f ocus rt 

wirvatory north* rupraants a ratio at aperture to fecal kngth af lTbe 
oummmdii^^togrepber would look against if he were compelled to work with 

tho datalh of tba to** eenn* * 
poarfbla by graoi foal length- 


uwn wSi tba snail ntio af .patart tofool length iiiiiiiilUtn^Dy MmB 

SS.'S*® 
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Two Tnwrtiwk of mrmntfng camous of groat focal length arc availably 
that of pointing the objective directly at the sun, or the horisontal tdoecope 
with coekwtat minor. The farmer baa distinct a dv a nta ges over tho latter, 
bnt the erection b*enm** incroasingly difficult as focal lengths are augmented. 
Mum * xA the Sproul Observatory has been very successfol with focal kngtha 
of 6} feet. For nrli a mounting a double tower Is necessary, an inner one to 
carry the objective and an outer tower to protect the whole from jars caused by 
thewfaL The plate is moved by a simple dock to counteract the diurnal motion. 

The horisontil *p W n pw is much —i«r to conatiuct and erect in the field. 
The tube may be made of heavy paper and tho plate holders are carried by a 
heavy frame-work sur ro un ded by a dark room. Caro should be taken that the 
tube is not too near the ground and that the tube is protected from the direct 
rays of the sun by a canvas or paper shelter. Tho coeloetat is tho best farm 
af mounting far the pin™ minis'. Compared with the direct mounting, as was' 
forcibly shown at the of 1919, the horiao ntal telescope has tho groat 

disadvantage that the mlmar la sensitive to changes of temperature, and it may 
■if*w its «iMpw and Kwww wa rp e d an ecUpee day when mpn ud to the son's 
rays. Ordinarily, focus Is obtained far eefipee cameras by star trails. If poraDJe 
a warm night, differing as little as porafble from the exp ec ted temp erature at 
flcHpro time, ■hpnIH be utilised. It is imperatively nenwiTy to koepthe mirror 
p r otecte d from the sun's rays on the day of the ecUpeo until a very few minutes 
before totality. One should avoid the harlamtal te l e s co pe if pasdhln mainly 
an account of the unoortaintis connected with the mirror and Us lank of per¬ 
manent figure. 

Every precaution should be taken to reduce to a minimum the effects of 
halation and reflection s from the glass side of tho photographic plates. All 
plates used for ph o tograph ing the oanma should bo ''backed” with one of tho 
many farms <rf ihmrfamg material, such far inatince as tho burnt-sugar backing 
■0 mcceafuDy used by Babvakd. Same oclipss obser v er s have had excellent 
■access by photograpUng an douhle-coated or trlple-coated plates. 

In attempting to photograph the corona an a large scam, it goes without 
raying that the greatest care should be exiwciscri to secure as perfect definition 
ea pa id hln . and also that the photographic manipulation should be conducted 
■0 as to teteg out of tiie platee as modi of the wegUh of detail as pewdMw- De¬ 
velopment may be carried out in inch a way as to attain very dmernnt photo¬ 
graphic effects. If contrast is needed, as in spectrum work, s “bard" develop¬ 
ment is required. There are many developers suited lor this sort of work with 
which anyone doing spectrum rejrk is entirely familiar. For developing the 
corona, horawr, whae it is necsMSiy to bring out >01 many of the flue details 
as possfhh, and where an attempt should be to mfarfmii tho contrast 
between the bright inner wrm and the faint outer c oron a, an entirely diffrac t 
kind of development and develo p er is nncrarary. Old-fashioood "pyre” is pro¬ 
bably tbe beat farm of developer to use far this purpose, and aoo would do best 
to start with a very weak soluHnn and p roc e ed gradually. The proper develop¬ 
ment of each plate will take at least an Dour, Undoubtedly, many well 

photographs have been, spoiled through improp e r care in dev^qpmeot. 
The techniq ue of develojmait of photographs is wo well known that no attempt 
at further details will be giv e n here. 

In reviewing the scientific work accomplished at mlar w rf i rnw, one is imme¬ 
diately struck by the fact that snrwhaa been greater in the phote grap hy 

1 Fold ABF 40, p. 83 (1938). 


) 







dph. ai. Gooeml Form* of tbs Conoa. DfndBnw cn San-spot Mml 


317 


of the corona than in any other branch of ccMpae investigation*. The self-evident 
io—fi is that a wry well-egnipped ecHpro expedition, no matte what their other 
program, a t t emp t s to photograph the corona. However, there k mother ream 
not so appaimt, which 1 b, that perfection of focus and “Bering" although dealnhle 
an Dot ahoahitaly nmntisl in obtaining sa comfn l photographs of coronal details. 
A lack of perfect focus plays havoc with spectroscopic photographs but detracts 
bat little from the corona for the ram that its structure is nebulous or filmy 
in detail. Thaw remarks should not be integ ra ted to mean that one should bo 
with anything short of absolute perfection in the H* hwmlnnHn^ of the 
best focus. 


91. General Forms of the Corona. Dependence on the Sun-spot Period. 
The garni form of tlw corona can be predicted in advance of the eclipse 
departing on the sun-spot curv e. Both Caufbkll and lfnj.ini have called 
attention to the vary curious manner in which total eclipses hare been distrib¬ 
uted with respect to sun-spots during the thirty yean beginning with 1893 
when large scale photographs were first started. Sixteen total eclipses in this 
interval were observed near maximum or minimum of spots or wae distributed 
along the branch of the son-spot curve diacnvting from m a ximum . The eclipse 
of 1914 was the only corona soon on the ascending branch of the sun-spot curve 
(die corona of 1916 being obscured by clouds), Fortunately for our knowledge, 
tho three last eclipses observed, 1935,1936 and 1937 have been on the ascending 
branch of the curve with son-epota increasing in number. 

At son-spot minimum are found the long oquatarial streamers and the 
short phnno-Hka polar brushes (fig. 3, p. 263), while at son-spot maximum 
the corona is mom or lem circular in shape (fig. 6, p. 271). Just how long 
these typical shapes persist after the maximum or minimum phase la post is 
atQl not quits decided. Son-spot maximum o ccmi ed in August, 1917. The 
ocUpra of Juno, 1918, did not show the typical axuna of sun-spot maximum, 
for tho polar streamers worn shorter than those nrar the equator, and the 
corona departed morn from the drooler shape than was actually anticipated. 
GanornHy Hpoaking when tho maximum of spots is pest, the streamers draw 
away from tho polos, end the longest rays are found in tho sun-spot rones 
malting tho corona rectangular in appearance. A mdse knowledge of the 
ntnri imAidyhg Hwa pronounced change! In SOapO is 8n ■r mmp lfahmi fr 

which still Bos In the fntnro (See p. 338 ). 

Although it may bo wM with truth that the of the at minimum 

of sun-spots all nwmble oach other in having king equatorial etraunon and 
pronounced polar brushes, yet oach corona has its own particular features. 
Its own peculiar structure, Tho coronas of 1878,1B99,1900 snd 1923, all taken 
at minimum ph—o of sun-spots, could new be mistaken tho one ftr the other. 
In fact, thuroware twoocHpsee in tho year 1889, an January 1 and December 22, 
with vary pranmmcod alterations in shape in tho coronas. There variations 
in farm, as painted out by Wxsut 1 , wore precisely in accordance with the 
change to bo axpoctod with tho sun raturning toward a condition of spot activity. 
Tho shapes of the coronas of 1923 to 1937, inclusive, furnish intaosting com- 
pyrl^m* The odipee of September 14, 1922 was very nearly at minimum of 
sun-spots and it roprtaentod the tyjicat TTrinfmTim corona. Tlw ochpse of Sep¬ 
tember 10, 1923 »2l exhibited the same features. Sven an January 24 , 1935, 
there was still the. typical minimum ahapo, of pronounced polar brushes and 
equatorial extondons which were bowevw not so long as tho* of 1922. To the 
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right of the vortical, howuvw, was a long pointed ihalt of Hght giving 
nmte evidence that the time of nrfnlmn m wu paet. On January 44, 4936, the 
corona (fig. 5, p. 370 and fig. 6,*p. 371) bad loot all of all the characteristics 
of the TnfnimTrm ah ape of cartma and ckaely resembled that amodated with 
maximum of spota even though the time was needy two years bafaro expected 
m a xim u m of spots. The corona of June 29,1937 waa distinctly that of mail- 
nium type. 

Bl Attempts to measure Motions in the Corona, 11m ovonai photographed 
at v nm-spot i w wnhiw each other even less Hum do the different 

tnretdaa at ann-spot minima. The coronas corresponding to mazlmzcn of spots 
are, it la true, approximately drcnlar in outline, but prominent rays and streamers 
■hoot out at vniona angles. We are therefore farced to the ccnchnka that 
changes ore caotimioialygQhig on in thp corona. But bow rapid are these changes? 
Can they be detected from photographs taken with the aame camera, at tho 
beginning and ending of a total ecHpae? It la poadblo that tho few abort minutes 
of totality may affiant too short an interval to permit these changes to bo detected 
with certainty, from photographs taken at any one location, bat wi pHong might 
pomfbty be detected from photographs secured at widely separated stations at 
the same edlpae. 

Any thecnea dwHng with rnmnal structures nma* depend an the maasarod 
changes within the corona itself, and it is ther efo re i mp e r a ti vely nrrr—nj that 
reliable fafanrvtHni be secured regarding tt**—* motions. Tho importance of 
this problem has been fully recognised by eclipse observers for many a long 
year. Manifestly, no real program was pnealhle ao long as it was nnrraanrj to 
depend for information on drmwingi of the corona. In fact, sketch* made during 
the time of an eclipse have been a eanthmsd disappointment, bat the non-snccosa 
was no greater than what should have bom expected. Even a akOtful draughtsman 
subjected to the fisdtwnent and tmfamiHsrlty of a total ndipw could not bo 
expected to me and draw, in the hu rr ied interval of a couple of ndnntoa, more 
t han a few details of coronal structure. Of necessity, thorn duhiih must be ex- 
aggmind in the drawing. A sketch made by & person, as wall trained 

as the first dra n g i il— nan and seemed at the "my a n d lwtii'pi, probably 

woold stress other details regarded aa important. But to matters wor m , 
°f the dmwings of the corona made in tho past wore Beo ure d by who 
WT * 15 ohaerviug their first ecH p re, and frequently these very mm had Uttlo ox- 
perience or skfll In the making of aketeboa. With the advent of tho tfatagrenhlc 
plate, the whdaaale drawing of the ctnau> during totality has poshed 
mare and mere into the background. 

_ J? ***** motkan in the corona with the greatest certainty, several pro- 

reqoisita ore necereaiy: First, the photogra p hs to he measured should bo on 
bb huge a scale as possible; second, the interval in ttzno should be as gn*t as 
poretbie; and third, the photographs to be compared should be secured with 
cameras of needy the aame focal length and they should resamhle cadi other 
ingenml appearance aa much aa poaafide. Hates developed with different 
effects of contrast and taken under different conditions of Boeing cannot furnish 
motions with the highest degree of precisian, 

^At tempts were made as eariy as 4889 to secure tho nocMiy information 
by the comparison of photographs at the edipae of December aa. An intrrval 
of two rod a half hours domed between the time of totality at Cayenne and 
Cape Ledo in Wert Africa. tWartunataly, clouds were experienced at the latter 
sUdoo. As a result of the lag duration of totality at the ectime of 4904. on 
exceptionally favorable opportunity exirted. iur determining^tiooiiC 
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obeervmtioos at a single station, Pnumra 1 secured nrrrorfnl photographs with 
the 40-foot .camera. Measures of short ex pos ure negatives, taken near the be¬ 
ginning and end of totality, showed no displacement* of coronal mswm in the 
interval of a Httle more than live minutes. On account of the accuracy of the 
measurements, It was poatftalo to have measured with certainty a vetodty of 
20 nrfUw per srennri aCTMB tllO Jfno of flight. WnHnrr should have boon 
if they had been as great ob 42 ar 45 miles per second. The 4904 photographs 
were near sun-spot minimum. At the eclipse of 1905. Hamhiy secured photo¬ 
graphs on tho seme scale os Famine's photographs*. The corona was one of typical 
maximum form and presented few conditions for the best results. The corona 
was very Intense, especially near tho solar surface, and Its rays, being ^re j e cte d 
from all sides of the disk of the son, so snperpoaed themselves the one upon 
the other and so entangled that it was almost impassible to distinguish 

the «na details on succendve photographs. By taking the origin si negatives 
and m°Hng glass positives, by proper shading and by food development, much 
detail was second in the corona. From the measures of 43 asparaterays, inform¬ 
ation was obtained concerning the motions of the coronal material within the 
period of totality lasting a Httlo more than three infantes. The velocities deter¬ 
mined wore little greater than the errors of ofaearvatlaa. Nooe erf tho vebdties 
Investigated azccoded 35 km pv second. 

- In accordance with tho phuts of the Lick Observatory of always attacking 
cchpSD problems of the greatest importance, an a tte m pt was made at the same 
ccHpu of 4905 to detect changes fa tho coronal structure by establishing three 
stations at widely separated localities and mcming large-scale photographs at each 
station. Parties were sent to Lalndor, to Spain and to Egypt Unfortunately 
for tho succcai of tho rchemo, cloudy weather prevailed in Labrador where were 
stationed Curtis and Stkhhdib. Tmn clouds were met in Spain but they did 
not greatly interfere with tlio photographs secured by Campbell snd Pkbjumk. 
Goar aides grootod Husaxr in Egypt where totality oc cu rred 70 m junto s later 
than in Spain. A careful campartsan was made erf tho photographs 1 secured 
at the two stations. A number of fairly well-defined nuclei were found, both 
cast and west uf tho son. Details of structure within tho nuclei appeared to 
change, bat tho nuckri u a whole remained in the same pnritinn. Hossum 
of tlio greatest accuracy ware impoarfbfc an account of tho poor dnflnitlnn of 
tho Egyptian pistes canned by poor reeing. The conchufon was that "tbonauaos 
in (jotaDon could not have moved so much as one mile per second during the 
interval of 4200 Hocanda. Grantor speeds might well have occurred within the 
principal coronal streamers, or within some of tho arched forms which e n cl o se 
prerndnonaw, without our having detected them; for their structure is quite 
uniform, and woH-dcfined nuclei are absent.’ 1 

Tho American cdlpw of 4948 afforded an additional opportunity by compar¬ 
ing plates taken at throe separate stations where were located expodttiona fnrfn 
lick, LowuU and Rproul Obscrvatazks. At Galdandtle, Washington, the focal 
kmgth was 40 feet, at Syracuse, Kansas, tho camera was J8,7 feet in length, 
while at Brandon, Colorado, the camera was 62 feet long. One plate secured 
by each of tho first two cameras and two plates with tho 62 -foot instrument 
wore c ompared, each of tho tbroo cameras being, pointed directly at the sun. 
Thou were no definite nudd or other distinctive features present in the streamers 
tiinf were sufficiently well defined to bo used as paints af measurement by 
Mirrjgp *. Then wore, however, three arches surrounding tiro prominences 

. lUdiBoll i, p. 434 (I90S6.. ■ mtfc.Palk X No.Ifc p. 407 (W). 

■ Uak Ball ♦, p. 421 (1907). * PnbiASP 32 , p*207 (ipoq. 
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1 and attention was rmfliuy i to there. The fint arch was around the " Pyramid" 


or "Eagle" prominence In the northeaston quadrant. Towards tbo pola r nldo 
of this promiMDce then wore four well-defined arches. The second arch was 
round a imminence In the SE quadrant, while the third arch wbb near the 
"Skektcn" praninmee. Each of the three ixotninaacea displayed fror separate 
nchea, and the poeitiana of only one arch of each were measured. Thoao measure* 
gare fairly nwdant results and a^nWi to show tiist the axchoa had chongud 
m the twentyoix minutes' intwal between the Lick and the Spruill photo¬ 
graphs The avrxoge rate of speed at which theso arches receded from the sun 
was shoot ten raflea per awemkl. From the photographs co m p are d by Millsh, 
it was evident that the polar rays east of the axis of symmetry an curved 
away much lev than the rays to the west, the difference not being due to tho 
effect of projection. 

At tbs eclipse of 1926 , G. Horn-D’Artnro 1 compared photographs tnkm by 
the T in Han iw pwHitinn in. East Africa with dune tskan fa Sumatra. He con- 
flnru Mttjjcb’ m results by finding motion of the coronal domes and many 
evidences of changes in the interval of time be t ween the exposures. 

It is thouftxe evident that the velocities with which material is ejected 
from the son to form the conmsl stream must be very small compared with 
the motion* with which we are familiar in the prominences. Any thorny dealing 
with the formation of the structure must taka cognisance of thoao 

raodaote velocities of ejection. 

B. Structural Mafia of the Corona. The corona awea its ontranefag bcantv 
to the far-flung, pearly-white streamer* so conspicuous in each corona observed. 
The contrast with the rosy-red p w ri ln mnw close to the edge of the moon 
makes a never-to-be-fargotten spectacle. In this respoct the ecHpee Of 1927 
was specially beontifoL In addition to the streamers, there are other footling 
of the coro na that deserve attention, and it is Decenary to find out their 
relations to solar phenomena snch as imminences, sun-spots and facnlau. 
“Arches", "hoods” or "striated cones" hare been ofaserred sines Cleveland 
Abbe first saw them at the e c lip se of 1869, They are spocdaHy conspicuous 
at the time of suwpot maximum. The first good photographs obtained of 
them woe by Soiaihkklx at the eclipse of April, 1893. Tho coronal arches 
woe noted by him 1 to be sesndsfed with pnxxdnencoa. Iflas Clx&xx b draws 
the cnnrinakxi that "Each pearly povflfan is erected aver a rod flame. Coinci¬ 
dences af the kind are of perpetual occurr e nce". These hoods were specially 
marked in the coronas of 1896 and 1898, hut were practically mlasfag from the 
minimum type of corona af the year 1900. As noted above, they were con- 
■pkmotu at the ecHpapi of 1918 , 1926 and 1927. Tho most striking features of 
.the photographs af the inner corona taken fay the Sproal Observatory expedition 
in Sumatra at the 1926 erijpae were the arched furm a of enmrud material over¬ 
topping many af the brilHint prominences visible around the edge of the 
ed^aad son. 

At the edlpae of 190L a d ifferent kind of " di s tur bance” was noted in the 
photographs seemed by Panning, which of a conspicuous center, 

apparently at the xm'a limb, from which strong streamers stretched oat to 
great dfstanoos from the edge af the sun. Thiaalxtarhance was all tbs more 
int eres t in g far the reason that Pjebjuxb found It to take its origin ovar tbs region 
af a prominent sun-spot, In fact this spot was the only one known to exist 


1 HuS Alt 3, P.4S4 (ISteL 
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on the son at the time. Shnllr dtotmbaneos were seen In the photographs of 
the eeftpee of 1918, bat' Camfhkll and Moons coaid find no rdatkm betwee n 
them and any ean-epot ar chromospheric phenomena known to exist on the nun 
Aa already eta ted, tho srehea were specially prominent at thle recent edtpee 
and they axtended to modi greater distances from the urn's Hmb than they 
did in 18m, although both ecUpaai were near sun-spot maximum. Maw Cush's 
opinion that the consul hoods an intimately exradated with pnanlnences 
gems to bo thoroughly well snbstantiatsd. They ere much more conspicuous in 
the coronas eeen at maximum of uuMpots far tho dmpleraeKm that pnantaencei 
are nmch tnore numerous and active and are found in all heHngrtphic latitudes, 
while at sun-spot minimum the imminence* are feeble and are confined to 
aooea near the solar equator. 

The polar atreamen are beat seen near the time of minimum of sun-spots. 
Tho splendid aerlee of photographs sec ur ed by Lick Ohse t v ainr y aspedltkuu 
have been wtiHud by Moosx and Bans to measure the direction of tho axis 
of symmetry of theao streamers, photographs at live separata e cHpsra exhibiting 
the pdlar rays sufficiently weft-determined for the purpo se. The direction or 
the sun's equator is inrHnnd about 7° to the ecliptic and 36* 15' to the t e rrestri al 
equator. Tho measorea givm In tho-following table 1 show that the azb of sym¬ 
metry of the polar rays coincides, within errors of measurement, with the rotation 
azb of tho ran. 


Asia of Symmetry of Volar Streamers in Solar Corona. 
(Poattioa moaaarod from until pdnt of aim.) 


Data at IWjmi 


MM 

FWW IB 

am 

hm 

IQH 

EH 
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1 B 9 S Jan. 21 . . . 
igou M*y aa . . . 

9*i4W 
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1\2W 

17 , 1 W 
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17 «4 W 

18 .9 W 
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igoi May 18 . . . 

21 . 5 W 

20 .7 W 

21 , 1 W 

20 .3 W 

0 JW 

1908 Jaa. 3 . ■ ■ • 
1922 Bopt 21 . . . 

0 .9W 

0 ,BB 

24 4B 

0 A 

1 JB 

1 JW 

24 

24 ,6B 

25 AS 

▲▼wage 

0 AW 
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Tho writer of tills momodr has actually aaen six coronas, but saw nothing 
of his aovanth corona in 1937. Tho one of the six that exhibited the most 

r senior beauty, tho ana that has made tho most vivid and lasting impnw- 
on tho mind vu not tho first ocUpse witnessed, that of 190 0, bu t the 
udlpao of 1918. Tills wm tho, odipw of prunocmced color, the pro mlnm a w 
wero Inigo anil brfflkat. Tho 'contrast b e t ween tho warm, rosy color of the 
prominonena and tho poariy-white filmy structure of the corona left a vivid 
lasting i mp re ss ion on tho mind which time can never efface. On occoont 
of tho greater number of {xtxnlnonces visible gt sun-fpot maximum, tho odlpae 
near maximum prnvidos a more wonderful jdeturo to the un a idnd eye than 
does tho minimum typu of corona, Tho ecUpso of 1927 therefore preaonted to 
those fortunate onoogh to witnerei it, ss gorgeoaa a spectacle aa that of the 
ocUpao of 1843 1 which area sod both tho populace and the aetzonomen to soch 
a high pitch of unthuriaam that each arid ovary from that day to this 

has boon usidumaiy obaervod. 

Tb observe and enjoy the beauty of the corona one needs littl e bu t hie 
own unaldod eyes. A good pair of Add ghuaea or a small trieeoopewfll permit the 
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study of fha p mmln wnww or of the details of the ^twiht corona. Hally's beads, 
at the beginning and at the end of totHUty on be mdro follv imjoywl by tho 
use of telescopic power. It flhonld hardly be Decenary to add that one should 
protect thw eyea f n «n the glue of the «m while tbo crescent sun in diminishing 
befese the advent of totality. 


f) The Spectrum of the Corona. 

M. Bright Usee. Compared with our knowledge of tho spectrum of tho 
sun ar the ebromonhue, how pitifully littlo wo actually know of the Bpoctrnm 
trf the coronal Its fight is vsy feeble. It is prrlblw to utilise only a vnryjmtH 
cUsperakm and mcxecrvCr die opportunity for lnvostigutkxi arc very limited, 
an the average ef about one minute per year. There Is much yut to bo knmod, — 
and progress in the future will unquestkziahly bo very alow, with its stops forward 

of a hatting and mv»wri»tn character. 

All ohsoven up to the eclipse of 1882 took it far granted that every spectral 
Hne men at mid-totality, when to the eye there was no visible trace of the chromo¬ 
sphere, must poforce take its origin in tho corona. It was with a great shock 
erf surprise that B and K of calcium were seen in 1883 projected on the block 
face of the moon, when presumably there Is no light at all. About thirty bright 
lines were photographed by Sczunxa and by Abbey at the ocllpaos of 1882, 
188J and 1886. The Una at the three eclipses were in fairly good accord but it 
was doubtful 1 whether any of the belonged to the ccrona except those 
nor 2 4086 and 1 4232 . Even u kte as 1893, It was generally assumed that 
the H and K Una af calcium were caronal in origin. So little has heretofore 
been known of the coronal spectrum that it is not at allsnrplriiig to find a state¬ 
ment* in 1910 that hydiuge n is found in tho corona. 

Knowledge of the spectrum of the corona may almost be said to have begun 
with the eclipse of 1893, when Fowler with a prismatic camera, photographed 
nine rings, oil of which agree in p o ritk m with lines reported for tho 1886 ocUpae. 
At the same ecUpee, Deslaxd&ks photographed three coronal lira at 2 398 7, 
4096 and 4331, and oho three othera it 25*64, 3170 and 5237 , In tho ultnr 
violet. These last three have not been observed since by others, nor ltavu two 
of Fowler*! nine. It wu not until 1896 that caronal apoctra had acquired 
snffident pudrian to dlstinguiah bht w ueu the cfarrsnoaphorlc lino 1474 K at wave¬ 
length 5347 and the "conminm" Une fourteen Angstroms fiutha to tho violet, 
at 1 5303 . Photographs wore secured at this ecHpse by Fowler, by Gahebell, 
by Nakqamtala, and by Nxwaxl and Additional photographs were 

secured by Facer in 1900 , by Dykr in 1900,1901 end 190 s, by the U. & Naval 
Observatory parties in 1900, and by Loarrxa and by Camfbxll in 1905. Here 
recently tlm Lick expeditions have secured good photographs, by Lewis, by 
Campbell and Moore in 1918 and again in 1922. 

At the edlpae of 1918 Slzfhkr found an Ida photographs tho groan coranimn 
Une extendin g sc tom toe space nrmpied by die moon 1 ! imago, — due to scatter* 
fug ofUght in the earth's atmosphere. At toe acHpsfe of August, 1914, Fueuhjelm, 
using three-prim dispersion, secured right-coronal lin e s , five of which hp d not 
been observed elsewhere, and Carrasco, and Bobueb and ’Rr.ner, indepeDdeody 
discovered a new coronal Une in the red, at wavelength 6374 . At t£e eclipa 
of 1925 Cdhtib and Burrs* found a Une at 2 7896 which tiwy think may po^fiy 
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atph. a4. Bright Una In tho B peo tnu n erf the CamL yx j 

be of coronal arlgiiL At the Sumatra ecHpro of 1936 the Britlah party aecnred 
snccaasfal photographs. 

WnTe-LengthB of Coronnl Bright Linu. 


3164? 

3170? 

3237? 

3286? 

3321.2 
3359 
3388 
3455 
3461? 
3505? 
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3601.3 
3626 
3641*4 
3643*0 
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3801.0 
3865? 
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Bather faint 
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Faint 

Bather faint 
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4130? 

4331*4 

4241 

4244.8 
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4359 
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4533,4 
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4722? 

4725? 

4779 

5073 

5118 

5303.1 

5536 
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Flint 

Unt 

Vary faint 
Flrint 
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Flint 

Flint 
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Flint 
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In lick Olmvnioxy Bulletin 10, p. 1. 1918. Cahphell and Moosb gin 
a summery of all of the ruHablo observations of caranal wave-leogthi detemmud 
nines the ecHpeo of I 893 . Their wave-lengths in the table above are given on 
Rowxamd’s scale. Tim valnca, however, am still subject to great npqrtatntim, 
far oven in tho position of the strongest Hne of the spectrum, the green ccro nlu m 
tine, largo dUftnoncen aro found by tho nut sUHM observers. The wave-length 
by Cuovkll and Moobx of tho lick party is 2 5500 , 98 , whflo Anam Sr. Johv 
end Mia Wabs of the Mt. Wilson expedition place the hne farther to the red, 
at 15303 , 20 . Fubuhjxlm'b vtlno from the 1914 ecHjwe pots this Hne stfll farther 
to the rod at l 5 505 , 56 , Tbo w&ve4aagtha in the tablo marked with ? are 
weak Hnea monsurod by ana obatrver only and conawqnmtly there is same dmbt 
regarding thair reality. Hydrogen la not found in the corona nor is caldntn. 

DAvmecnr and Stbattox 1 have reviewed critically the above Hat of coronal 
Hnoa in ardor to ascertain than, which are certainly at coronal origin. They 
have dtecnidod all those which axe marked in the Table with ? and they think 
tiiat many of the remaining Hnea *dm their origin from the high chromosphere, 
Tho only Hnea which they regard without iq spider aa be lo ngin g to the corona 
aro sixteen in number with the following wavelengths: 5588 , 5454* 3^04, 5645, 
58 W, 5986* 4086, 4251, 43«. 4559, 4567. 4586, 5418, 5505. 5556 and 6J74. 

On account of tho qipueit simplicity of the spectrum of the corona, 
Nicrolboh, in 4944, begun a numbs of investigations which appeared in the 
Monthly Notion of the Knyal Astronomical Society. An attsnpt waa madeby 
him to w imv iri tho wavo-Jongths by aeries relationships, and furthermore to find 
on n* plnnnHn« far tbwo SBfhw an Hip tijijnthnaia thqt the spectral Hnea took thdr 
origin in an atom consisting of a heavy irndeos surrounded by negatively charged 
afactrona. NKSOLaox'a work waa the first attanpt to e xplain spect ral aari ee by 
meant at PLAvcx'a rfnantum fheorv of radiation, according to Wirich interchange 


snt*nm at PLAWGE'a (piantum theory of radiation, according 
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of enggy b e t w ee n ■yitma of a periodic kind can only take place In certain definite 
amounts, or quanta, detamined by the frequencies of the system. 

NlCHOTJOM 1 found that moat of the spectral tinea of tho corom could be 
reprannted an the hypotbads that the tinea are canaod by elootrana rotating 
artxmd a nndena with positive charge 5e. His invmHgntiona of the hypothetical 
element, called protaOnoriiie, failed to account far the prominent g r ee n Him dne 
to " corontmn* 1 at 1 5505 and four others. When the tine in the rod at 1 6J74 
was discovered at the ectipae of 1914, it too was imaccotmted far by tho hypo¬ 
thecs. In a further communication 1 , Niarotaow showed that Berta* rdattanampi 
exist bul w iaui the tines with wave-lengths 63 74, 5503, 4567, 4359, 5643 and 
3534, and that the wave-lengths are c or rectly represented on tho assumption 
that conxrfum b a simp le ring syitan with nnriear chargo 7e. 

Accor din g to tM* theory, the masaea at the nuclei, or the a tomic weights 
in the Cmpln ring systems, shonld be propartioaal to rim squares of tho 
zmdaar charges. "NabuHnm” should have an weight of 1 , 31 , "proto- 

fborliie" of and com ni nm of 4,0, being therefore iflnnHwni ] n value with 
haHrtm. It ia not an isotope of hetinm. Hence it was neca—ly far 
NrcnoLBOX in assume* that nebntinm and the other hypothetical dwnan^ 
are “not strictly elements of the typo found in tho Periodic Table, but must 
be regarded os origins from which other elements may spring". This b 
a makeshift arrangement which recent investigations have not bean able 
to canobcnte. No piece b left far these "arigln-alamanti” in the i»»Hrrita 
table b et ween hydrogen and huHnm, and they can have no real, or erven transi¬ 
tory, eahtwica. A better fata waa deserved by theae pioneer inveatigstlons 
carried out with each great care. Our interest in them b now chiefly nm/Wnir, 
In the riiort time that baa since ebpsed, what bonntlfnl years have enanedl Tho 
quantum theory brought in its train the Bohx-Sommchfkld atom, Jhen camo 
Saha's theory of Vstiotinn, and now (1928) we have opened op to us the great. 
p ondbfHt bs of the new wave-mechanics. It has been truly —Id that nowadays, 
long before a research an atomic structure b old enough to permit the printer's 
ink used in its publication to Iwemw dry, the investigation has already boon 
sopc r ced ed by some t hin g still newer and it has become only a matter of ancient 
history. Painuou 1 has a gorged that the «™i§ i tinea may be due to Ga+ +. 
At present we know so tittle of tta spectral tines which tako their crigin In tho 
*ingty«ihaiiced, doubly- or trtolyefihsncod elements, that it b quite futflo to 
gnem which of the many pos sib le dements will give tho particular aortas of 
ti n es seen in the visible pax 1 Lion of the cnmnpl sp ectru m. Ona guess |i just 
about u good as anothre. 

As the hypothetical elements "nebutium" and "coronlum" have been 
myste rious gases ba fflin g sciitiflc ingenuity for more than half • a century, tho 
work of Bowxs 1 an nebutium must be regvded as cf the very g reatest impor- 
tance. He started out with the amnnpttau that it would be iwacoabb to expect 
the nebular tines to take their origins from name af the dements. H, He, QN 
and O, known to exis t in nebulae. It oeemed probable that on account of the 
very low denrfty on embalm might take place whaa produced by an electron 
ju mp from a metsstsMe stain. The jumps wUdi are "IsUdden" under conditiom 
in terrestrial labcratortai might actually pjgce in the labaratato 

where low cWty makes pomfbia long mean free paths. As Cj, N x , N n , Oi, Dp 
tna Pm are the only tans of die few elements gwiiHng in wdmlaw that have 
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metastahk state* in the region of the wave-length* observed In ntfinlM, the 
choice became very restricted. Eight of the strangest nebular Hues were daasifled 
by Bowk* as doe to election jumps from metasteble states in Nn, On and Om- 
Several of the weaker Hues wore also identified as belonging to highly ionised 
oxygen and. ni trogen. The question was raised by A. Fowlkr? and by Wgetjxb 1 
as to how it is possible lor an atom to radiate those Hoes of its spectrum that 
under ordinary laboratory caodttkns do not occur while it does not show those 
Unas already .known from terrestrial experiments. The answer to this riddle wsa 
furnished by Ebjlumchgm 9 who states that In addition to the long free path 
per mit ted by the low density of the nebulae there is a further requisite, namely, 
that the stimulating radiation must be so weak that the atm is nrdtkdy to absorb 
a quantum during the fall duration of the metnstable state. 

Applying this ^TTfrtmrHrm to the question of the corona, Edddcgton comes 
to the condnriop that the eer a nhn n sp ec trum cannot be dne to forbidden lines. 
It is true that the density of the co r o na may be low enough, bet on the other 
hand, tho stimulating radiation is far too intense, being practically black-body 
radiation. 

FramtAK 4 has investigated the coronal tines given in Caupbell and Hooks's 
list and has bom able to. find coincidences occurring in the spectrum of argon 
for more than two-thirds of the total comber of tines. Many of the tines identified 
by liim do not appoar among the lines which Davidson sod Stratton regard 
us truly coron al , whQe no odgin has been fa™d lor some of the coronal tines. 
Tho interpretation by Fekbman that argon Is the cause of the sp e ct r u m of the 
corona seams entirely improbable. This is unquestionably another cose, so 
Iruquunt in the history of astrophysics, of the identification of origin from mere 
endnddances in waVo3ength. Much greats accuracy wffl be necessary in the 
wavo-lengths of the coronal lines before we can have any nonflrim e n i n such 
odnddancos in wavo-Iength, especially when the tanstrial source has a spectrum 


of many Hmn. - 

It tt highly jxubahlo that the relative intensities of the mtfw si nn tines of 
tho conma vary with tho sun-spot period, though infonnaficn on this point is 
vtsy meagre. It is difficult to co mpar e spectra aeone d by dlUde»iL ol mryns 
at (Hffonmt odipsos using Instruments erf vastly dlffseut resolving powers, 
unadnlly since tho coronal 11ms are so weak and are son projected an a back- 
irnmnd nf continuous spectrum. Under them condWons the intensities rf the 
I xiglit lino spootrun secured with low di s ^er siai Instruments wHl obvioowy be 
km in tense fa for instruments of high dispei slon. ^ . 

gg. Continuous 8peotrum. In addition to the bright tine spectrum, the 
amnia show a oantinnorii sp ec t rum in the timer corona, V or 10* deep, with 
VnADNimm atenrotion tines visible til the middle and crater corona. The 
uoziy nheorvations soemod to indicate that at su n-spot mlnhuumjha green 
conmlmn Hno was wmk and tho Fsaunhotq spectramidrong, wtofle at sunr 
not maximum tho emtekra lines were strongDr and the d ark tines wesJmr. 
Itk only rooontly tl»t observers have recognised that jheprreeno erf thin 
ckndsat tho time of the ectipse may greatly 
Jam Itix* observed in the corona. At the octipeo ^ 

Pumn hi Sumatra thrmtfi tidn ckrads, the coronal spectrum 
nonts. tinea in tbo region ccrapcmdtog to 

odium, l&TGHKlx’a ^^ographs showed the Frauxhojxr tines sm at ^e 
^^toTSetaiTTs■ On each side of the inn. Tho pmence of the* 

»wstmp.saa;ahs»p.3r4(iw). 
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lines is readily erptofned. The son was at an altitude of 17*, thorn was a thin 
hen and It was die aky spectrum that was photographed and not that of the 
corona. It la thsefore of groat importance, for testing various theories of the 
corona, that a dear distinction be drawn between the spectrum of the corona 
and tiie spectrum of the nhmxlnated aky. For this p ro p os e It is nocea wr y to 
aecoTe photograph* under dear skies devoid of haze ao as to ascertain the distance 
from the sun at which the absorption lines become invisible In the corona. Ths 
Fraunhofer lines are always invisible in the bright inner corona, within one- 
third of the diameter of the sun. The explanation for tills fact meins In part 
to be a very simple one, which is that the ateorption linos are nmdenxi invisible 
dbe to lack of contrast, or in other words, to over-exposure of the continuous 
spectrum. An effect entirely analogous was found in the photograph of the flash 
spectrum taken in 1905 immediately after the end of totality. The Fraunhofer 
lfaiM from the re turning crescent of the son appeared only in thn extre me ultra¬ 
violet and in the rogkma of longer wave-lengths starting with the green. The 
photographic plate had lere s entiti vliy in there portions of the spoctrum; but 
In the blue and violet where the plate had greater aonsitivity, end where the 
Fraunhofer tinea also undoubtedly existed, there ware no traces of the dark 
lima to be found in spite of exquisite rimflnjrini, 

If the dark Hnww take their o rigin In the «*nnni sp e ctru m it is importa nt to 
see whether their intensity and also that of the — sp e ctrum vary or do not 
vary with the sunspot phare. Many observers have inspected that die spoctrum 
of the biq is much richer in ultra-violet tight than the continuous g umi m m 
of the corona. The shift in maximum of intensity to the red would signify that 
the corooa la at a cooler temperature than the photosphere. 

Bft. Recent Investigations of the Spectrum afthe Corona. A great in¬ 
crease in anr knowledge of the «wnmiT ■ p wr i niin ramn as the result of the ob¬ 
servation* of the Lick Observatory 1 at the Australian odlpre of September 31, 
1922 . Oi acc ount of th e perfect weather conditions and long duration of totality 
an excellent opportunity was afforded for carrying out an aalmialw program. 

On account of the uncertainties still ** 1 *^ng Jq the value of the wave¬ 
length of the gram cotuuiiuu line, photographs wire soonrod with large dls- 
pereiou. A plane grating was ured of 15 000 tinea to the Inch with a "nltimnf™- 
of 60 Indir a focus, with the tilt nrrnai the inn's equatorial diameter, 

and an attempt was made to photograph not only the green lino but the red 
line at 2 6374- as wriL No trace was found of the latter tine and the g ro a n was 
reco r ded very faintly and an one side only, the eastern edge of the atm. 

'With a smaller dlsparion of a tingle prism and cnlti motor of 31 inches focus, 
two exposures were made of 46 wennria and 4 minutes 14 seconds, respectively. 
The shorter expo s u re recorded the brighter axons! Unas, the continu o u s s poc trum 
of the Inner cor n ua and a faint discontinuous spectrum of the outer corona 
vitible to 15' from the sm'l edge. The longs ex pos ure exhib i ted the absorption 
spectrum of the outer corona to an angular distance of 35 ' from the limb of 
the sun. In order partkadariy to test toe character of the s pec tr um given by 
the outer ccrona, a still s m a ller dispersion of a tingfa prism and collimator of 
12 In c h es focal length was employed. The tilt of this Instr umen t was made 
wifflci aiUy long to Include s um s of the aky backg ro und and on exposure of 
5 minutes and 9 seconds was given. The pur p o se was to see if any traces of 
Fraunhofer tines were found in the iky spectrum earned by p—IM». thin hm ** 
in the te rres tri al atmosphere. 
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The spectra taken with anch of the instruments of ane-prism dlspenkn 
exhibited the continuous ipectram end const of tho bright lines conffnari to 
a region 4' to 6' from the son's Hmb. The maximum was found for the green 
Una with an extension of 8' firm the edge of the son. The spectrum of the enter 
coro na seemod unquestionably to show the Frauxhoixr lines which were 
specially visible to the violet of Ey where the conthraons spectrum was lorn 
intense. No trace of the sky spectrum was found to exist beyond tho limits 
of the coronal spoctrum. Since the sky was remarkably dear, without the 
slightest evidence of hasa or clouds, It Is manifest that the Fkauxbofkr lines 
of the 1922 ecHpae did not take their origin by reflection in tho earth's atmosphere. 
Moan's otnervatlans In thus proving that the FKAUXHam Unas of the outw 
corona are caused by tho scattering of the sun's light by the eexuna tfanlf ore 
of the utmost Importance in advancing our knowledge of tbo solar aureola. 

The pod t lona of the stronge st and most dearly defined Fbaumhuuu lines 
in tbo coronal spectrum east and west of the sun were measured by Moan 1 
with reference to the Hm of the c omp arison spectrum. On a spectrogram with 
sky and Iron comparison takm by the aune instrument with 24-inch cameras, 
the pod Horn of tho name linos were also measured. Comparisons of the measures 
of the lines of the coronal and sky spectra at two points 20 f cast and 20* west 
of the son's limb showed that the coronal Hnea on both sides of tho sun were 
dlsphtcnd to the rod of the corresponding sky linos. The amount of the dkpbce- 
mmt carrespooda to a velocity in tho Uno of sight away from the obso-ver 
of 26 km pornxmd. Since tho Ught observed was reflected sunlight the measured 
radial voted ties supply ovidenco that the particles of the corona at 20' from the 
son's edge are moving away lx an the sun with a speed of the order of twenty 
to thirty kil ome tres pur second. 

The spectra secured with the silt spectrographs and also by means of an 
instrument without rilt seemed to frovo conclusively that the coronal emlarion 
Hnea in 4922 were much fainter than thorn of the edlpse of 4948, also obtained 
by tho Ltck-Chockkx expedition. The corona of 4922 was of tbo sun-spot mini¬ 
mum typo. Hnncn, tho snapidoos of auvkju a ote nvw a that the bright Hnea 
uf tho corona are fainter at sun-spot minimum than they are at sun-spot maximum 
■com to ho completely coofirmod. Apparently, however, the sun does not remain 
long lu Its position of Inactivity after minimum of spots. Tho octipse of 4925 
occurred about two yours after sun-spot minimum and yet- the sun bad again 
begun to bo active. Tho activity was displayed in a tWo-fold manner: test, 
by tho greet number of pmminanens that surrounded the sun in all position 
angles, and nocnnd, by the strength of tho ombrion tines of the corona, parti¬ 
cularly thu Unos at wavo-lengtha 5)03 and 6374. In fact the latter line, which 
was not discovered until thu ad ipse of 4944, was of such great strength that 
it appears- os a strong Uno on the photographs of the flash spectrum taken both 
by Cimm and by Mncnnuu The latter used a concave grating without aHt 
and with a dlsponitea 4 nun — 40 Angstroms and yet the 6)74 tine appeared, 
quite as strong as 5)03 and with an oxpovro of only five seconds. Tho interval 
in time from 4944 to 4925 la very nearly oqusl to the sun-spot period. It k 
probeblo that tlio strength of tho 63 74 tine in the corona la a signal of tbo re¬ 
awakened activity of tho sun after a period af qnleeconce exhibited by sun-spot 
minimum. This liiri again .was strong in the 4926 spectra. 

Various observers have Investigated the rotation of the corona by attempting 
to measure tho' DopPlxh affect c8 motion In the tine af sight. It has been ge- 
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nerally assumed that the corona rotates with the sun, which la at a rate of 2J> km 
per second at the Hmb of the vm. A rotational speed of this die corresponds 
to a shift in wave-length of the cuiuiiim lines am ountin g to 0,035 A. And 
yet, the wavelengths far this Hue in 4$M8 by the Lick and ICt. WHsoa obsarv uis , 
each using an affldent instrument, differ by 0,2 A, or six times the rotational 
shift I It la probably no very great exaggeration to Bay that at the present timo 
we know absolutely nothing regarding the rotation of tho corona. It is not 
impcadhle that the wave-lengthi of the tine 1 5303 may be determined with greatly 
faxxeued accuracy, but, unfortunately, this Hue at beet la faint, and tho ex¬ 
posures available sre very short. The best method of determining the rotational 
speed will probably be by aoenring as accurate wave-lengths of this line as 



indicating ro t ation, the obs er ver should be very careful that he has eHmdnatod 
an poedfale instrumental sources. In plarw of nting the solar sp ec tru m as a 
comparison, it is putable that more accurate wave-lengths wtil be obtained 
by using an artificial so u rce, in the manner employed with stellar spectra. 
The comparison spectrum could readily be superposed an the black moon. 
At the ecHpee of 1929, the interferometer method 1 of detecting motion in 
the corona wffl again be tried using the strongest linaa of the spact n n d at 1 5303 
end 3388 . 

In spite of the pitifully mull amount of ti™ has been available for 
investigating the spectrum of the cnr»nn, Tmirfi knowledge-has boon acquired; 
but, unfortunately, mplrMwi has also been cast an mmn af the tnfnwnatinn wu 
thought was fully secured. Three types of spectra must be distinguished; the 
continuous spectrum dose to the edge of the sun, the nnilmVm ■pf rfr mm, and 
the Fhauithotix spectrum. The coronal spectrum ia often confused with that of 
the chranasphere. The hues of rtlrimn end h y dr og en , frequently photographed 
at mid-totality, do not belong to the corona, bat are «niwi by the light rathe 
chromosphere bring diffused in the earth’a atmosphere, usually by thin douds. 
The combin e d attack now being made an the atom, by tho astronomer, tho 
pfayridst and the c ha u l at, will probably reveal before long the nature of the 
particular kind of a tom that gives origin to the Hoes of on ra il i m i, It ia tree rim* 
there are only ninety-two plica in the Permdic Table that can bo occu p i ed by 
°l g p en * a « but tide does not necessarily mean that there bid only ninety-two Unda 
of atoms. Far from it I Whan we remember tint tho neutral atom gives its choree- 
teriatic spectrum, which di ffer s from the spectrum of the 
by l osi n g one, two, three or. more electrons, wo see there ire poalbJy as many 
ea three hundred different kinds of atoms, each af which gives lt» own particular 
spectrum* In addltim there are laotnpea indlstln guiihahle ff m 

other atom*. We are sore that none of the elszmmta in the lower half of the 
poiodie table can be the hypothetical cnro nimi , but which one ia the mythical 
dement in the upper half, or third, or probably upper quarter of the ffthlw it 
la hard t o con jecture. Hdtum baffled the rimto far B quarter of a wn i i wy 
before it repealed its octet Ccronium was recognised onr half a oentury ego, 
but m this long interval about one hour only bos been available for 
investigation of it ' 

. Tbgn a t " w cviden % nn* to be l ea rn ed about the cartmol speotzum, but 
ito secrete will be bared only by the use af effldmt spectrograph* in the hands 
of capable end experienced ofamrvtts. 


» MM 87, p. «3 (1M7). 







dpfa. 27. 


Adulntiao ai the t J gftt q£ thn Corha. 


529 


g) The Light of the Corona. 

17. Polarisation of tho Light of the Corona. Since the Fhauvhofee Hues 
arc found in the spectrum of tho corona, they must be caused by the reflection 
of solar light by matter existing In the corona in a finely divided state, in solid, 
liquid or gaseous farm. Fortunately, additional methods of observation are 
available far testing the scattering of light in the corona, namely, by obser- 
vntioos far thw dat<y iiitnstifm of the polarisation of light. Ever the eclipse 
of i860 1 , when Secchi and Praswjwbu first took up the subject, polarinixn 
observations have found thdr place at almost every eclipse, At the beginning 
of the investigations they were orriod out entirely by visual methods, but 
in a ™mwr similar to what happened in other branches of astrophyslcal 
work, photographic obawatioos have gradually displaced visual ones, and 
as a consequence greater and greater precision has been attained. 

Tho accurate determination of tho percentage of pnlsrised light has an im¬ 
portant bearing on the distribution of motto 1 in the corona. To be of the greatest 
iisrrfnhw, tho amount of .polarisation should be known for different distances 
from the sun's limb. Unfortunately, we View tho corona through the layers of 
our own torestrial atmosphere ind it has been difflcnlt and well-nigh imposdbla 
to ntimlnate the effects of reflection in tho earthly atmosphere and to- be am 
that tho moasared polarisation actually originated in the corona Itself. If a 
solar eclipse occurred more frequently, we wonld gradually acquire methods 
of allowing far the terrestrial influences. On account of the impostibflity erf 
always c or rectly evaluating thoao effects, ■stranomaa of late years have frit 
loss and loss incUnod to spend tho few precious momenta of a total edipae on 
obaovatfons in tho Interpretstioa of which then still remains a large element of 
nncortainty. 

In general, there an two different methods of analysing polarisation; 
one is by tho nae of doublo-imaga prisms, the otho by means of plane mtrnsv 
There are many variations of these methods possible. In 1900, Wood employed 
a direct vision prism before tho object-glare of a telescope, the eye-pfeco containing 
a Savaht plato and a Ndcql prism. This combination gave a continuous spectrum 
cruasod l»y very dlattnot diagonal Interference bonds, manifesting faidy strong 
polarisation astimatod to equal between 10 and 15 p erc ent . The character of 
tho interfurence hands Indicated that tho bright-line s p e ctrum was not pnlariaed, 
or in other words, thrft tho light earning then linen was not reflected sunlight. 
Tho appearance presented in tlio telescope however differed so materially 1 from 
what hiad boon axpoctad that it took many of the precious seoands of totality 
far tho observer to roa^nst his ideas, and all the whflo ha could not help hut 
fad that somothlng radically wrung must hove happened to the apparatus. 
At tho aamo oatijnu, Dorset 1 , photographed tho anna through a double- 
imago prism In tho mnnntr uHHsod by A, W. Wright in 1878. Tho method 
gives two photographs of the corona an each plate; aos having cut out of it all 
tho Ti ght polarised along the Him joining the two <Tnfl ff t i and the other all that 
polnrind at right angles to thfe direction. Hmcantho corona Is polarised 
radially or tangentially, one imago win be rieflriant in light along the diameter 
pe ypwtifHmlor to thfe afroctian. which Imago is deficient along the Hue joining 
tho centers of the two photographic images depends on tho kind of double-prism 
used and whether tho fa radial at tangential. Dorset also examined 

tho corona visually fay a pohrimeter rnns l sting a? a telescope in the focal plane 

* CS si. o. 195 (18fit*. ■ PublTJaifavalOta 4 , D p. 110 {i»05). 
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of w hich wii placed a biqnarts, huH an fairfi tqnire. The cyo-pieco contained 
a Nicxjl priam, and between the objective and the Uquarts was a double jflo 
of pist es. The concfaulaiui w er e that the corona la polarised radially, the visual 
observations g ivi ng the amo i 1 " ! of eleven percent at a dirtance of 8* from the 
moan's limb, a value agreeing well with Weight's 14,2 percent found, at 7 from 
the moon's limb at the echpeo of 1878. 

No attempt pan be to give here a complete account of the numerous 
o h s a v a rious made at various *cfip( pns to determine the amount of polarisation. 
Special nwditifw, however, shcmld be made of the oxcefiont work by Nkwall 
and by Tdhieb, asch of whom ha* observed p*»in*4sn+tnn effects at several 
e dlp see. In lick Observatory Bulletin 6, p. 166 (1911). R. K. Yo mre dt scmeea 
the meam res of photographs by Peskznb of the link Obeervatory at 

edipsea of 1901, 4905 and 1908. At the Sumatra eclipse of 1901. tho plates 
were secured by a double-image camera with the prism set in sncceBdon at 
five different positions separated by angles of a quarter of a right angle, At 
the two succeeding ecHprem, photographs were secured by tho same doubto- 
image ca m er a and also by a reflecting polarlgraph. This latter consisted of 
three cameras with lenaes at three inches aperture and fifty inches focal length. 
In front of eech of two of the lenses was placed a glass reflector, so inclin e d that 
the light from the corona was incident at the polarising angle, tho phne e of 
polarisation of the two reflectors being perpendicular to each other. The -third 
camera was need merely as a check. The measures showed that the po l ari s ati o n 
was redial and that the percentage of obsorved light increased rajridly from 
the limb, reaching a mowimnm of thirtyaeven percent at 5 # distance, and then 
diininishad slowly, being thirty-five percent at 9 / from the limb. Arettming 
the well-known law of the reflection and scattering of fight, that it varies in¬ 
versely as the fourth power of the wavelength, the value of eleven percent in 
the visual region 15600 would corres p ond to jj percent in tho photographic 
region X 4270. A dose accord is thus seen to exist between tho visual valnca 
obtained from the eefipres before 1901, and the photographic rctulia from the 
three ecllpaes of 1901,1905 and 1908. In view of tba very great dlfforenco betwoon 
the amounts of in the visual and photographic regions, it Is highly 

desirable that values in the visual region be obtained by photographic methods 
by the uie of a color filter and j on ^hr onu ti* 1 - pl ates. 

One is tempted to draw a leawn from the experiences of Wood dtod above. 
He is a very skillful and careful observer, with wide experience in many linos 
of nhyaica] mani pulat i on . In 1900, ho w eve r, he was witnessing bis first total 
ecttpre. No matter how excellent an obs er ve Wood may be, be had never 
before had experience in there particular Hnri of o b se rv a tions under straw of 
the unusual and conditions surrounding a total eefipso. Wo are all of 

ns but human, with all of our frafHties, and it la only through practice that we 
became perfect. It is outride the bounds af human experience far one to adjust 
one's mode of thought almost instantaneously, as is nmwn ji oo account of 
tbs paucity of time during the total phase of a solar edlpre, and .then quietly 
and jndidoariy make o h e ar vatkaa of Ugh refiahOity. Any observations in tho 
future far polarisation effects must be made by photography. - Obs erv ations 
might posnhly still be made visually but there will bo looked upon merely as 
checks on the more accurate photographic result*,. 

In addition to the pdfariring effects of the earth's atmosphere, already allndad 
to, each observer must carefully investigate -his apparatus, in order to ascertain 
the amount of polarisation earned by & apparatus itself, Aa is well known 1 , 

1 Wood, ip J IX p. 383 (1900|. 
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every form of instrument that dispense light also at the name time prffiy It. 
By the use of additional prixnu to increase the dispersion of a spectrum, the 
polarisation la likewise Increased by the surfaces of the prisms. A Row¬ 
land grating gives strongly polarised spectra. 

At tho octipao of 1918, Lews of the Lick Observatory party, by nv^m of 
two sopar&to double-image cameras, sec u red ■occearful photographs in two 
different regions of the spe ct r u m by using bine and green color flften. The effect 
for tho blue was found to lie greater than for the green. Quantitative values 
for tlio amount of polarisation cpnld not be furnished however for two reasons: 
first, the law of diminution of tho intensity of consul radiation at different 
distances out from the moon's limb Is unknown; and second, the effect on the 
curona, of polarisation of the light of the sky surrounding the corona, has not 
been felly investigated. At the eclipse of 190$, New all 1 found that at a distance 
of threo-qumrtora of a degree from the center of the corona, the strength of the 
Savabt banAm from the sky neutralised those from the corona. This signifies 
that from tho vnfl of the fllnminated sky be t wee n the observer and the corona 
there Mmn as orach light as from the corona three-quarters of a degree 

from the center. Unquestionably, the character and intensity of the atmospheric 
p olarisation vary considerably at different ecHpeoi which of neceadty are ob- 
survud under different conditions of clouds and moisture in the terrestrial at- 
mnsnbaro. On account of the great intensity of the corona dose to the sun, 
fur instance, at 1' from the Hmb, It Is dtfflmlt to measure the Intensity of the 
durkuning of the photographs and hence to evaluate the amount of polarisation 
ho cLnao to tho edge of the sun. Nkwall in 4904 obtained "quite narked polari- 
ULtiun” at 4' from the Hmb. The Savasx photographs for testing polarisation 
unnni to posS M B somo advantsges over the dooMe-image or reflection methods 
(hoo Nkwall. kic. dt.). . „ a _, 

Tho general consensus of opinion s ee ms to be that it is jaactically impossible 
to eliminate from coronal observations the effects of reflection s in the apjauatui 
and in tho terrestrial atmosphere with the result that sstranomera have gradually 
a nun to bollovo that ttttfe tirfrematinn regarffag the physical nature of the 
corona, can bo gloaned hum polarisation obaarvutioni made at the ti me of edlpaes- 
Agpln tho gaum does not soom to be worth the candle, and recomae must be 
liiul tn raoro fruitful methods of inveatigatiem. 

88. Changa of Intensity of the Corona with Distance from the Sun's Limb . 
There Hcems to lk) much hopo of unravelling some of the pansies con nected 
with tho curona by dutanmfnlng tho law of c h a ng e fa_the Intensityof me arma 
at different dlatancre out from the Hmb of the son- Tbetew“ 
uf Tonmt B i a* tho remit of photographs obtained fa 4898 , tha^hefatenrity of 
tlw corona varioH from tho odge of the son ootwar^ faverw^ as ^ * 

tho distanoomoasdred from the conte of the sun. At the 
acniLD* confirmed Torkm'b law. and at this same erfpss, 
correctness of this law to detmtae ^ 

ufat*A But at tWa khm ocHmo of 4905, Bum 1 found the int ensity of fee 
ooruna sobjoct to a different law, thai it varied fa vres^ as 
of this distance counted from a print cmenteventh -of * aoter ^ 

odguuf tbdinii. At tho odtpae af4908 by means of measure* carried out by the 
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bolometer, Abbot 1 confirmed Bbgjkkh's law rather than that of Tubnzh, while 
R. K. Yoinra (loo. dt) found an i n t e n sit y depending an the inverse sixth and 
eighth pom of die distance measured from die center of the ran. 

A ray diffe r e nt law was found by BsKOeraurD in a very impartant public- 
■Hroi entitled ,r Etudes nr la distribution de la lumUre la couronne soisiro", 
Upsala, 1919 . Prom photographs secured at the eclipse of August 21, 4914, 
on attempt wse made to determine the relative intensity of light distributed 
within the The measurement of the ahaohite intensity and the estimation, 

of the total light of corona, compared for trwhmrw with that of tbo full moon, 
did not form port of the program. Hm problem is one of photometry and far 
its solution am he brought the vast experience gained by many yoara of in¬ 
vestigation in determining the mignltodai of the stars. Of the several methods 
available, BxsGenujn) adopted the plan of employing twin photographic ob¬ 
jectives, mounted eqnatarlally in such a manner that the two solar Images could 
be impresari upon one and the seme photographic plate. Chi the day of tlio 
eclipse tho times of eiptsui e of the two objectives were mode idmmcnJ, bat 
the aperture of one of the objectives was reduced by mean* of a suitable diaphmgni 
to one-tirixd that of th o o ther . 

The intensity of the sflver deposit measured on the plates is tho smnmation 
af two separate effects, aao at which Is doe to the itaolf while,tho other 

comes tarn tho diffuse tight of the sky. Added to these two, than is in reality 
a third effect found close to the moan's limb, that of a hnln caused by refaction 
from the rises tide of the plate of the strung Hhinrination of the timer corona. 
Fortunately, the intensity of the corona could be separated Dram the two other 
effects. The valnes thus secured do not in any nunnur confirm Ttnoma'a law 
af the inverse sixth power nor yet the law af Bxckbs according to which the 
intensity varies Inv e r sely proportional to the fourth power. In fact, Bxrostbamd 
finds that the intend tine near the solar equator differ grootly from those near 
the poles, the equatorial rays having an intensity three times as gnat aa tho 
polar rays. The equatorial and polar intend ties, however, can bo brought into 
relationship with each other in a ray simple manner by supposing that the corona 
is co mpo sed of two phenomena, the "interior corona" stretching over all hello- 
graphic latitude^ and the "equatorial corona". In both of p h en o mena, tbo 
intensity af the tight is inversely proper H anoi to the square of the distance 
team the edge af the sun, the intensity of the "equatorial corona" bring, however, 
shout double that af the "interior c ornu a". It was found that the strangest 
caracal raya frequently depart from the radial dire ction and that some of the 
most i n te ns e rays apparently do not take their origin from the edgn of the sun 
but rather from the front or back dde of the solar disk. Moreover, the structure 
of the carana is highly caxnpticated, rinoe the distribution of jets is not,uniformly 
dis tributed in all hng l t u aM and since they f re qu ently depart sensibly from 
the radial direction. On account of the greater strength af the equatorial rays, 
it was pnsrible ter Beboitbsxd to observe these rays an the photographic plates 
to a distance of ten radii, at five solar diameters team the edge af the sun, before 
they dtminMi in intenrity to th** ef the diffuse sky tight. Tn t he polar direction, 
equality wea attained at a distance of three and a half arJor cHamehrt . 

Valuable observation 1 were, s ec ured it the 1935 eclipse by pjrrrir sad 
Nicholsojt of the Mt Wilson Observatory. Their observations an the photo¬ 
metry af the coro na will be first di s agreed. The photometric device consisted 
af a Much Bore doublet of 15-ft focal length, fed by a corin s twt with a 5-inch 
pyres min or . Three plates were exposed, two Without filter using Seed JO emul- 

1 The An. p. 133 (1911). ■ Ap J 63, p .002 (IpaQ. 
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dan, with expos turn af two nrtd fifteen mennda, and odd plate of Ilvohd “Special 
Sapid Panchromatic*' with color filter transmitting only wave-lengths laager 
than 6100 A. Standard photometric squires won expend along the edge of 
each plate by the usual method of varying the dis tance of the plate from an 
electric lamp operated by a storage battery, 

The poor seeing experienced by all obser v er s at the 1935 oeffpse, already 
rafared to in Section a a and c, and which was earned by the low altitude 
of the son. Is shown by Pitot and Nicholson's photographs reproduced in 
Ap J 62 , p. 210 (1935). Fortunately for the s n o w of their work, the poor 
definition had little influence an the accuracy af their results. The three photo¬ 
graphs secured at the aclipso ware placed successively on the Koch ragtstaring 
rrA'jiiphp tnMMlirr l at the Mt Wilson Observatory end ktIm af ware 

recorded far each photometric square and far the nnaxposed strip. From these 
measures a table was made giving the intensities c orres po nding to any ArfWHnn 
of the galvanometer of the nricrophotamoter in terms of the intensity of the 
light which formed the densest square. 

The plates were tlien placed an a turntable which couki be rotated beneath 
the photometer pilcroaoopo so that the slit, set perpendicular to the moon’s 
limb, described tones in tho corona concentric with the Image of the moon. 
The width, of the tones was 0,16 mlar radii, which was the length of the side 
of the square receiver of the thermocouple when px u j ec ted upon the image of 
the son tn tho field of the 50-cm mirror. This vacuum thermocouple was jwwd 
at the focna of the mirror and differential m e asurem ents were mafl« during 
totality between two paints in tho mmna 4',6 from the east and west limbs 
of the moan and tho moral itself. The combination of the thermocouple mees nre s 
with those ms do from the photographs lod to results af great value. 

Two corroctione had to be applied to the measures of tho photographs. Hie 
first correction is duo to tho go nraal scattered light over the sky and it whs 
assumed that tho mean intensity of tho background of the plate at its four edges 
gave a measure of the sky flhnnlnatioa. Tho second canwctioo is for halation and 
■cattmd fight. Tho c ra io ctod mein i nten si tie s for dtffaent tones numbered oot- 
words from tho sun ore given in tho table below. The measures of the miauphoto- 
metnrmido at dlTlvont position angles in the corona ihow that the intimity of the 
coronal radiation in the equatorial regions of tho 1925 oefipsp la mare than twice 
that in tho polar regions, a foot that is oridont from a glance at the photographs. 


Main Isteoattlea of tho Cotoss oorraotod for General Sky-Illumination, 
Halation, sad Boattorad Coronal Light. 
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The photograph with an exposure of two seconds was taken at tho beginning 
of totality, and the measures, show that the imw carona waa tan parent brighter 
than far the 15 kc exposure. Pm hit and Nicholson find that their measure* 
in the photographic region c uuflnn the law of intensity of radiation of tho Invene 
sixth power from the center of the eon, while those in the visual region ngroo 
more doaely with the inverse seventh power. However, the measured vuncs 
both in the pbnfayjiMr and visual regions appear to cnrfhr m mam doaely 
to the invene fourth power meosnnsd from a paint not coinciding with the center 
of the nm. Both Pfini end Nicholson's computed values, and thorn from 
the law of inverse fourth p o w e ra are given in the above table. Far the photo¬ 
graphic region, the point from which the invene fourth power is qiknlatrri Is 
0,48 R from the center af the snn, and for the visual region 0,60 R, when R 
is the radius of the son. The 1935 photographs were measured to a distance 
of three radii from the arm's c e nter whfie Bxrostband's photographs of tho 
1914 ectipae (p. 3 J 2 ) In the equatorial ragiens were meosored to ton radii from 
the center. At this same edtaae, Kure and Ifles Hahwood 1 found that the 
Intawltly of the cnmnal radlaniai at distances bum the urn's hmb greater than 
10',5 foDows the law of inverse squares. 

0. Total Brigtitn— and Surface Brigfctneas of the Corona. Distribution 
of Energy In the Spectrum, Obrervaiiaua for measoring the intensity of radiation 
of the carone at different tHahmces from the son's limb in chits of rmntlbt power 
were made by Abbot at the ecttpae of 1900 by the use of the bbtomoter. Results 
of yalue were secured bat an occoant af dfffVmltim experie n ced with the golvano- 
meta- during the comae af the observations, it was necessary to repeat the results 
at a subsequent edipae. Att e mpts wen made to do this at the Sumatra edipm 
the fallowing year, hat without resells an account af wide spread elands. At 
the 1905 edipm Fahbt 1 and Kmoff* were each snccemfnl in measuring the in¬ 
tensity of coronal radiation. At the Flint Tri«iH ecHpee af 1908,although it 
had been rainin g np to the beginning of totality, the e 1 nnA« deerad away, per¬ 
mitting Abbot 4 to secure successful measures. At the ectipne af 1918, Run 
and SraaBDi# used a photo-electric cell and they compared the Hght af tho 
corona with a Hknrxs lamp, with two electric lamp, with the full moon 
and with an area af the iky during totality and daring full sunshine. At the 
Australian edipm of 1922 , Buggs" made socceraful otarvations oho with a 
photo-electric ceQ. Run and Stuuumb attempted observations in 192) but 
clouds interfered. 

At the edfpre of 1925 five ssparate parties made ofanrvatlana nnder good 
mndltinns . Pabxhubst* with an adaption of the HesniAinr microjiiatametBr 
waa recceafnl at Ithaca. Runs ana Subjujib 1 again onployed tho photo* 
electric cell and shnilar res pite w ere secured with the same type of instramnt 
by Prof. C. KiraxT*. Pittit end Nicholson 1 * used a vacuum thenno- 
caaple, while Sixncar end Cohlxntx 11 employed a vacuum thennopfie, With 
the temperature hovering around — 20 *C an the morning af the total edhae, 
troubles we re expe rienced with the water cefla by their freexh^ and bracing. 
As a result, Px mr and Nicholson were faced to fill their cell with alt water, 
while Stetson and Cob lx wt i u se d g ly c e rin e. SrsraoirandCoBLZNT^Qxpalencad 
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no troubles through the freezing of their water cell in Sumatra at the edipee 
of January i4> 1926. 

It may bo well to call attention to some of the details of the obeenrattani 
idnco tboao will have an important bearing on the final remits. At the eclipse 
of 1923. Bbiogb hid a longer duration of totality than is usually available in 
whlth to carry ant hie measure*, with the result that he was able to test the 
variation of the intensity of the corona during totality. Taking the mean of 
tho muosurte by the two ceOs (loc. dt. p. 280} the ratio of the total light of the 
corona to that of full moan gives a maximum value of 0,44 near the beginnin g 
of totality, a minimum value of 0,28 near the middle of the total phase, and 
0,34 near the end of totality. There ia no apparent reason why the corona should 
bo brighter at the beginning then at the end of totality as hia measures ahow. 
Tho simplest explanation of hia differenc e of values betwee n beginning and end 
is that an observer can start hia measures as soon sa totality taksa place, but 
011 account of the uncertainty of the duration of totality, he ia afraid to coo- 
tin no observations too dose to the end to the eclipse. The zeniUi of Bbiogb 
show that at the nrfdtlh of totality the coronal radiation had only two-third* 
the Intensity pf what It bad at the beginning or ending of totality. The r eman 
for tbn difference ia evident. The gratot intensity trf radiation corne a fnsnthe 
inner flwy portions lying to the photosphere. At the 1922 edipre, 

at mid-totality tho brightm hmw oarona was entirety covered by the moon whose 
Homidiameter, after allowing far augmentation, was about cue minute d arc 
greater then that of tte sun. If therefore we take the measure of the intensity 
of tho cnrana at mid-totality as the basis of comparing different edijee a, or 
uvun tho average intensity throoghont totality, it is manifest that the measured 
intensity of coronal radiation at an edipae erf long duration abould be lea than 
that of a shorter adipre. 

To get tho total light of the corona it ia necesrary to extrapolate, as was 
tkmo by P axi rr and Nicholso* (loc, dt.) in order to obtainthe total consul 
mdluticm up to tho edge of tho sun. It is well-nigh imp oss ib l e to make tMsextia- 
nuletkm successfully slnco wo do not know the law of coronal ra di s tirm , whe ther 
of tho invoniB smiare law according to Bsbgstksxd or whdher accrading to 
thi* Invunw fourth. sixth, aovonth or effith pow ers. . 

At tho 1025 ocHpre, tiia observations by the dtffiseut ptortiee rooweaisrgB 
(Hffarencwi. Far instance, the coronal radiation transmitted ty cantoetar 

of salt wato maasorad by Pxnrr and Kicholsot ™ toratora^radfetion 
tnuumlttud by one cantimeter of glycerine, obserad 

nlthough tho tmnsmWari of salt water and b *Sj 

K mm tho maasorad ini q uit y of tho emtma when u** 4 *Md 
cnmJlu it is nocossary to allow far tho 

absorbing radiation. This is a femfllarpr^to te ink :m \to 

but win which thoro am great uncertainties, 

that of 4M5 when totality took place with the sun at an sliliodo of cx uy 

cUmmamhOT do art cootribflte to the trial nw ared ccran l Pa»^ 

photometric tfndy pf the Yorks, phot ograph. of^ vlSLftSS 
tSscondodrai 1 tit tho promiraoora contribntod only oboat two 

P ° rC Tnio C toU W TL* Mraa^^orjdirith rf ftihmocn h epptod 

tmm Ecllp.ooof tho Son, p. J45, «>d brooght op to dote. 


‘ Ap J fa. p. (tins)' 


w 


dpfa. Bp. 


Chap, i B. A. Uncnu: BoUpm of tfaa Bun. 


Total Light of the Corona. 



nau 

Ctamr 


1886 

Rntagnphlo 

W. H. Fnsnflio 

0,025 

1889, Jammy 
1889b Daoambsr 

II 

Hsonr 

TTiw.tv— 

CMH 

ooa 

1893 

pp 

Tuum 

0,6 

1896 


Thud 

1,1 

1898 


Bicon and Gass 

. 3,7 

1905 

Jp 

Gsasv 

036 

1905 


Bckwassksils 

0,17 

1908 

M 

Paasm 

0,11 

1886 

Vbul 

Asasv sad Tnoan 

08 

1889, Jaaniry 

II 

Lnnain 

OA 

1893 


Aamrr ud Teoam 

1.1 

1903 

p| 

Fabsv 

ars 

1905 

,, 

Kxorr 

035 

1908 

Bofcandm 

Abbot 

030 

1918 

, Hmto-KhclAi 

Km sod Breams 

0,50 

1933 


Bnrw 

031 

1935 

Ukraptotonstv 

PAiaaun 

037 

1923 

1936 

Tbraoeoapla 

Tlmofui 

Paim ud Njonuon 

SlSSBOir ud fiflBTiliP 

0.52 

0,53 


The value fv the 1906 ecUpae Is from the calculation of Sum and Smarm, 
An J 62 , p. 126 (1935). In On same paper, they find the observed total Ught 
of the emu camele d to no atmosphere to be 1,07 and 0,93 motewandke 
for the ecHpne of 1918 and 1925, or an avenge of 1,00 metor-candlea. The moan 
of the two ecHpaa shows that the daylight sky for the nnecUpaod son 8 * from 
the aim is 5400 times greats than far the eellpeed son at tho same distance. 

Pitttt and NrcBOLaaM (toe. dt.) find the obesved c nrmwl radiation Is 
10,1 * 10 ~ T times the Ught of the am, whUe this c or re cte d for ovalapping moan 
amount! to 11 , 2 «10 -T or 21,4 • 10 ~ T cslcm -1 min -1 . These observers find the 
mwi m I Ught llightly Hiw than untig ht, w Mln at the WHO Oc U pSB SlTIBUM Slid 
CoBLmrn&id the coronallight redder. At tho ecllpee of 1923, Luuehdohfi 1 
flndsnodmaenceln the di s tri b uti on of energy in son and corona betweon I )820 
and 4840. 

At 4 'A east and west of the xnoonYtimb Pettit and Nicholson find tho 
intensity erf coranel radiation 5,4 • 10~ T of the Integrated solar radiation, while 
Abbot in 1908 finds 4 * 10" T at 4' from the lfanb and 13 ■ 10 " 7 at l',5 from tho 
limb. The brightnot of the e m i m n at the limb of tho aim is about one 

and a half tima that of the foil moon, and half the total Ught of tho corona 
coma from a sane exfmdlng only 3' from the Umb of tho eon. Pettit and 
Nicholson find that the radiation of wavelength greater than 5,5 /s- fa in** 
appedahle. 

At this samft rcUf, Harvard Obesrvatay* occ up ied four separate stations 
in order to measure the total Ught of the corona, both in blue and in yellow 
Ught. Foot photometers of the “ptnhnlfi 11 type were utilised, tho work being 
tmder the direction of £.S.Knro. Good weather greeted throo of the four parties, 
the photometers being used by Euro, by Mas Cannon and by Leon Campbell.- 
It was found that the integrated brightnea at the within a circle of 3* 

in diameter, given in stellar magnitudes, la: Rwtn^raphlc — 40,96 and pboto- 
visnal — 11,61; within a drde 6 * In diameter, pbotographfc — 11^40, thob> 
visoal —11,71; The magnitude of the «««« after fHnrinnring the effect af 

t fllii iiip l i T . dL FraaS. AkuL d. Vfha, pbya^aath. XL, 1935 p. 83. 

1 Harr Ore 386 end 313 (1937)* 
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fllnminatad iky is: Photographic —10,76, photovisual —11,57. The value 
of the phntovianal magnitude makes the corona about fifteen magnitudes, or 
onc-mlluan times fainter than the aim, a remit In substantial agreement with 
the wnrk of others. The color index for the 3 ° dido was found to be + 0,65, 
equivalent to a star of clan GO, for the 6 * circle + 0 , 51 , equivalent to a atar of 
claw Fa When fined from the affect of aky, the color index becomes + O^H, 
or slightly redder than a star of clan Go. Of course it need haidly bo added 
that there la some snigddnn whether props allowance was mode for the effect 
of sky flhjmimtkm- It waa further found that the intrinsic tarightneai of the 
inner corona in ultra-violet light is about ane-flfth of that of the full moon, 
a result which disagrees with the work of othen. 

Ouo of tho same photometers used at the 1935 eclipse was utilis ed f ar 
nlwiTvatlon* at the 1936 ecHpae* by Simon, Coblxnti, Ajp iold a nd Spuwl 
TIm results obtained compered with the moans from three instnmunti at the 
1 mending ocUpno show that within a Hrrh of 3 0 dlamoter then waa an Increase 
in brightness of 043 in tho photographic magnitude and 039 in the photovknal 
magnitude of tho 1936 aa compared with tho 1935 eclipse. H oweve r, the 
inoajuroB within a circle of 6 * w er e not so accordant, exhibiting d ifferen ces in 
magnitude of 0,05 brighter and 0,42 faintir, roapectively. It is evident that 
Imgu occidental car systematic amn ore promt in the measures. Consequently, 
it 1 h manifestly nccareary far 000 to proceed with great cantfan when comparing 
tho pablfehrd rcsnlti from ouo octtpae with those of another. 

Another Instance of tho groat uncotainty underlying measures of coronal 
nullatkin bi given by tho wrek of the same obrorvura at the 1936 ecHp*. With 
the photographic plratomotem, it was found that the photovfenal brightness of 
tint corona was 0,0014 motor-candles, while with on fUuminoraeter the viml 
liriglitnusn was nearly ten times as groat, or 0,013 meter-candkss the* **ng 
tho moRHunxl in tonal ties and not the values crerocted far tho effect of the earth a 


utmnsphwu ^ ^ 925 , the IDumlnEting Engineering Sodcty carried cart 

a varied ixugmm of photometric mcaanrea at deven separate iW»m I*™ 
thnrotfwnt the tone of totality, and valuable remits were secured. The w^c 
aaiabtfd nsdnly in tho dotixminatkxi in foot-candfef of the nonnal fflumfaato 
dne to sun or crermu and also tho total illumination mi a horis ontal plane . Tte 
curvw exhibit tbo gradual darkening of the sky as thoedipie 
a midden and rapid drop in mwntoatlan MM 
totality, nmeu who have wttnemd a a 

ns an oxporinncod astronomur, will nmwmber tho w^n 

llui dartoHie. began to make ltadf felt just before takdtty.J^ “J***gy 
lurltonlal lUumin*tk»n amounted to 0,34 

Illumination 30 mlnutos after aunaot on January 2din latitude 43 N. TW™- 
umlUur value at tho 1926 cdfrw waa 0,14 foot-candlre. ^om whobaa 
wlliuMud mure tlum imototaTXsx wffl reaffio that the 
i bu sky, Influenced aa it is by cloud* or hase near the path d totality, is a very 

** sis xajsgjs 
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exposed on the evening of the day lor equal Intervale of time at 6M4", 
6M7", 6*20", &2) m and 6 b 26 B by the dock. The control portions of the plato 
wen cut out and all six plates were developed together. Thu jilatcs xlinwcd a 
regular gradation. It was found that tho Illumination at the wrath celestial 
polo corresp on ded with that when tho sun's center was 97* 39' fnrai tliu smith. 

Stxtbom and Coblxntx 1 call attention to the very unsatisfactory state of 
our present knowledge regarding the total amount of light received from tho 
corona. Photometric methods present many complications. Whan results at 
one eclfpee are compared with tboee of another the instmmonts must 1» tln> 
rcraghly calibrated and methods properly standardised buloru uny great aun- 
fldm ee may be In tim condmlocit. 

Taking everything into consideration, it seems highly probable that tho 
accidental and systematic erran existing in tho observations of caronnl radiation 
certainly cause errors amounting to at least twenty percent and pnwtfbly fifty per¬ 
cent of tho final values. 

We must therefore not take too seriously the attempts to corrida to in tonally 
of coronal radiation with sun-spot activity. It will bo nccewnry to wnlt until 
further accurate observations are seemed. It seems entirely plausible that 
at sun-spot maximum the inner eexuna must bo of grantor intensity than tho 
inner corona at minimum of spots. Moreover, ss the Inner corona contributes 
the meat.cnogy to the total axonal radiati on wo woukl therefore logically 
expect that the total energy at maximum of spots would be greater than at 
minimum. But to confirm this from observations already secured Is anothir 
story. 

80. Recent Investigations oonoeralng the Shape of the Corona. As has 
been stated on page J17, it has been generally recognised for many years that there 
is a close connection between the fmn of the corona and the sun-spot period. 
At minimu m of spots the corona shows the long equatorial uxtonsionB and strong 
polar brushes, while at spot maximum the corona is maru nearly circular in 
contour. Ramyakd, in the so-coHod "EcHpse volume" of tho Royal Astronomical 
Society 1 , wus tho ftnit to call attention to this fact. Hambky 1 made tho connection 
more certain by publishing a series of r e p ro du c tions of tho amnia urrangad 
according to the sun-spot cycle. Still later, Naxoamyala* pointed exit that 
the shape of the corona seemed to have a dour connection with tho relative 
sun-spot numbers of Wolt than it had with tho phaao In tho sun-spot curve. 

Astronomers apparently have been content, in recent years, with accepting 
■s a proven fact that there is same kind of daee connection botwuon tho as r a w 
and sun-spots, but detailed investigations regarding tho exact nature of this 
dependence have been conspicuous by their absence. Of couieo it may be urged 
that die form of tho corona is very complicated and there f ore Canno t bo subjected 
to e rect analysis. This is specially true near maximum of spots when tho coronal 
streamers shoot out at all angim and apparently becomo bop closely complicated. 
Furthermore, the corona is seen only as it is projected on tho cekattaf sphere, 
in apace of two rather than in that of three dimensions. 

When a pho tograph id the corona is nude, many of tho fine details visible 
to tho eye ore lost, especially in tbo inner corona. If a photographic print is made 
an paper more details are again lost, whilo the coronal s tru c ture suffers a still 
greater lore in a half -tone reproduction. In tho coqrso of those various mani¬ 
pulations, more and more of the individual features af tho. corona era wiped out 


1 ApJ 60, p .65 (1937). 1 UmRAB 41 , p .496 (IB 79 ); also 46, p.338 
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one by one, with the remit that each and every reproduction ii a sad disappoint¬ 
ment, being but a feoblo likeness d tbo original. In mite of all of thorn draw¬ 
backs, however, tho reproductions do retain some individual peculiar! tie*, and 
at least show that the intensity of tho corona falls off very rapidly from the odgo 
of tho ran outwards, and quickly reaching a ratbar well-defined limit. Ludw- 
dokff 1 Imd tho happy Inspiration of aubjoctiug the published reproductions of 
tho corona to simple measurements. He was abb to examine photographs of 
thirteen eclipses, extending from 1893 1° 1937- He superposed an each reproduc¬ 
tion of the corona that he was able to find In tho published literature, a piece 
of thin transparent paper. On this he wni able to trace lines of equal Intensity 
running around the corona, and also at the same time be traced the edge of tho 
moon. Ho found that tho thin paper obliterated still mare of the individual 
peculiarities of the corona. Tho strange result was achieved, however, that tbo 
Jon of structur al details permitted Una of equal intensity In the corona to bo 
drawn with ooniidnrahln accuracy. In some instances, these equal intensity 
Una wore already available in the original a our caa, especially in the corona erf 
1905 from the Investigations of G&Arr and in that of 1914 from tho hands of 
HsROBTBAsri). Co mp arisons made by Ludkndohjf of his own tracings with the 
results of Geatt and Bexgstbaxd, obtained by more accurate methods, showed 
no systematic differences. 

Having obtained tho tracings of the lines of equal intensity in the manner 
just described, Lutjexdohtf measured tho intercepts from the center erf tho 
sun In eight directions separated at angles of 22*,$ with respect to the' direction 
of the sun’s axis. With tho edge of tho moon placed on the tracing It was poolblfi 
to reduce all maunre* to tho radios of the moon as unity. Tbo measurra made 
at tho solar equator and at 22°,5 on either side, when compared with similar 
raeosurea mode around the nm’a axfe, gave a moans of determining the flattening, 
or oUfptidty, of tho corona, tho shape naturally approximating an ellipse. In 
this mannar 154 comparisons were possible, on each eclipse them being not lea 
titan six available. 

For each eclipse tho flattening of tho coronal elHpeo determined from the 
individual reproduction waa plotted as ordinates against tho distance from the 
center of tho sun as ahadmao. Lumwuaxnr then found that at angular dJstancn 
loss than one radius from the odgo of the sun there was a simple linear relation 
uxprmd by tbo formida, 

i-« + M 

where s is the flattening and 4 fa tbo distance from tho sun’s edge measured In 
terms of tho sun’s radios as unity. From tho material available, the constants a 
and 6 wuro found far each ectipao by the method of least squares. Tbo quantity a 
represents tbo dUptidty of too corona near tho odgo of tho moon while a + b 
la tho value of this quantity at a distance a! aao radius. 

For tho coronas near sun-spot maximum, it was found that b had a value 
very nearly oqual to saro, tho being approximately circular in outline. 

Near minimum of spots, however, tho coronas became more and marc dUptlcsl, 
that is, b increased in value with inorcaalng distances from tho sun's edge. At 
.distances greater than bod radius, it waa found by Ludxxdomtt that £ho linear 
relation no longer bold. 

To find a- correlation between the shape of tho corona add tho phase 0 in 
tho olcvdu-yesT periodj lot Mi and M % bo the times of two successive maxims 


1 afanmpfaw. tePnuiL Ahad. d. Wm. 1928, p, IBS. 
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of aun-raota, and w the intervening time of minimum. If tho time of the total 
eclipse ta T, and tfak Ilea between M 1 and m, than, 


0 - 


T-m 


If T Uea between w and M t , then, 

r-« 


0 - 




In the find case, on the deacendlng branch of the mn-apot enrvo, 0 is nega¬ 
tive, while it ia podtlve an the ascending branch. 

In addition to the phase Just defined, Wolf's rotativo spot numbers may be 
utfilxed to detennlne the condition of the sun. Instead of ^ng merely tho 
Wolf numbs for the day of the eclipse, Ludkmdokff took a moan of tho values 
of the relative numbers fin: the day of the and for thirteen days before 
and for thirteen dayi after, twsrty seven days bring the synodic period of rotation 
of the son. 

As far as co nc e rn ed the elllptldty of the corona near the sulor surface 
repronntnd by the valoee of the formula, it was found by LuDnrDOBFF to depend 
n e ither an the phaso In the snnHgxit enrvas nor on wolf's numbers. Within 
tho errors of abaarvetlan, it to be nearly a constant for oil ocUpacn no 

matter what their attnaHnn in the son-spot period. Tho vnhio of a amounted 
to + 0£4 with a mean error of a single ecHpee of ± 0,017. 

The exact correlation between the farm of tho corona and the son-spot 
curve did not stand out clearly until the material from tho thirteen epH ppns 
was divided into two separate groups ai given in tho following table. 
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for eclipses near maximum of spots. On the left tide of tbe Table It fa readily 
K«m tliat altar mm-spot maxhmun is past, the corona takes on a more and more 
flat tonal form. 

As the dntQH of minimum of spots took place around 1901,7! 1913,6 and 
1923 , 6 , It la evldont that the flattening of the c oron a shown by the quantity b 
In tlto Tallin fa much greater before minimum el spots than at the corresponding 
numlior of yiurn after spot-minimum. Undoubtedly, after the time of the mini , 
mnm of Hpotu, the now cycle of spots already appearing In tho high northern and 
southern latitudes quickly affects the snn with the result that tbe awakened 
solar activity immediately manifests itself in the changed shape of the solar 
corona. Unquestionably, there is an intimate connection between solar activity 
ovidraicwl by tho appearance of spots and coronal radiation. Four eclipses, 
titose of 1896, 1898 , -1900 and 1901 took place at an average of 2fi yean before 
tho sun-spot minimum of 1901 , 7 , the quantity b had a mean value of 40 , 22 . 
Tito ncUpsoK of 1Q14, 192 J and 1925 occurred on tbe avenge only 1,0 yrora after 
thuminlmiLuf 1913,6 and 192 ) ,6, and yet the corona then differed more (&■■ 40 , 1 5) 
from the lypkul min i mnm corona than at the longer interval of 2,6 yean before 
minimum. In fact, tho ocfiprn of 1923 took place almost exactly at minimum 
of iqxits, und yut tho vahio of 5 — 40,18 bad tbe same value aa tho average of 
tlin two ocllpsus of 1896 and I 898 which happened mare than four yean before 
U 10 datu of Qilnlmum of spots. 

Undoubtedly, the great extensions in tho corona which are associated with 
tho tiniu of tlui minimum of spots do not take place at tho time of sun-spot 
minimum but before that time by approximately two years. 

Thu rcuwukunad activity of tho son ns using changes In axonal radiation 
manifests itself in two different ways: (1) by changes In tbe shape erf the corona, 
und (4 by the grunt strength of the emission line 26374 in the coraial spectrum. 
Tills lino wus discovered at the eclipse of 1914 and was also id great strength 
at tho ocUpwi nf 1925. It fa highly probable that all coronal fines are stronger 
lit tlui samu time. 

Tho vbIuoh of b I 11 tho Table show that tbe shape of tho corona fa probably 
mom intimately connoctod with the Wolf numbers than with the phase i n the 
ram-spot cycle. Tho information an this paint fa for from being conclusive bom 
thu tabular material aa it depends mainly an the relative posi tions of the eclipses 
of 1896 ami 1H96. However, this view fa strengthened from the 1918 eclipse 
which will now lw dlocomed. 

On pturn 254 attention has been called to the fact that the 1918 eclipse was 

i-xcuptlcmoi In tl mt it partook of tho shape associated with marfanum of spo ts whi le 

ut Uki Homo Kine It alao had strong polar brushes of the minimum type of corona. 
Pkttit owl Miss Steele 1 state that the western side of the corona was of maxi¬ 
mum type wlillu tho eastern aide had more nearly that asroefated with minimum 
of spots. In Investigating this eclipse in detail, LpdeXpoepf finds th at the s un, 
as slwwn by tlio Wolf numbers, was unusually active nhout a week before the 
udhw tliat took place cm June 8. The dlffa r m co In activity before an d after 
Hin idtpso wua exhibited In the unusual changes hi the form of ti m coro na 
dtMCrihul. Omsequantly, this exceptional eclipse furnishes additional proof of 
the fact that tha farm of the corona depends an the spots that are actually 00 
tho son at tho timo of the ecHpio. Tbfa does ntf mean that tbe spot* 
ore tho direct cause of changes in the rad i ation of' the corona but rather that 
tho imdoriying muse fa the activity in the sun Itself. 

> FbpAstr P-479 (1918). 
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Alter the of minim um of spots, tbe ntmlnud activity of the nm 
manlfestea itidfIn a doable manner: (1) by increased radiation In thu photosphere 
miwrfng spat* to appear on the surface of the nan, and (2) by incnsuiod radiation 
in the wrrma cau sin g not only changes in tbe shape, of the caronn but also an 
inni ng* in strength of the f * TT,LMr ^ llnca of the coronal spectrum, Thoao matters 
have an Imp ortant bearing on tbe theories of the corona which will bo dbcutred 
in later pages. 

81. Photography of the Corona without an Eclipse. It is well over forty 

r un once tto first attempt was made by Huggins to photograph the corona 
foil ■muMim- The authority of his name, great in tbs history of spectroscopy, 
gave a high degree of planslhUity to the undertaking. After attacking the problem 
from all sldea by a great variety of different methods, many of tbo ablest astro¬ 
nomers aw g n g hi fl in the quest, the goal seems as far distant as over. Tho prin¬ 
cipal difficulty to be overcome is not that the amount of energy to bo moemrod 
is itself small, but rated that it has superposed an it tho enormously greater 
filamhiatJon near the sun produced by scattering in our atmosphou and in tho 
telescope. Tho task to be overcame is to separata tho light of tho corona from 
the strong IThimination of the iky. Tho chfarf names connected with these attempts 
are than of Hale, RigcA, Dxblandres, Wood and Hanhky. It was natural 
that tho methods so ■occemful in photographing tho prominences should he 
first tried, and in order that tho atmospheric glare should bo rodneed as much 
ss ponahto, the observations were made from mountain tops. Pike's Peak and 
Ht. Etna being occupied ter tee purp ose. No succen being s e c ur e d , a series of 
attempts wws made by heat-meosming instruments, like bolometers or thermopiles. 
Photographic methods of Tiring color filters and plates sensitive to different 
parts of the spectrum have been thoroughly tested. Some success has boen 
achieved (see p. 274) in photographing the 1927 eclipse outside of totality. In 
the past each and every one of tee plana, at times carried out with great skill 
and ingenuity have always ended in dfamal failure. Tho inner corona is almost 
equal to the mtaiaity of tee fflumhiated sky at eight ar ton degrees distant from 
the sun, but cIobb to the sun's edge tbe Hgpt of our central luminary la so over¬ 
powering that at tee pramt it seems utterly impomfblo over to iimuttaite tho 
corona except at the very raze intervals of total ecUpsos of tho sun, at hast by 
any methods now in light, 

h) Coronal Thooriee, 


88. Summary of Fasts relating to the Corona. When wo attempt to reach 
an adequate explanation of the corona wo appear to bo foco to face with odd 
of the most difficult problem in the whole range of aatn mom y. The grout 
stumbling block ties in the fact that the available information is so moegro 
due to the bdilwias of the owwi light end the paucity of n™ remitted 
tew adding to this knowledge at solar ecttpsex Unfartunately tho anryspectra 
pennWhle airs with small dispersion with a conseq uent small accuracy In 
the determination of wavelengths. 

Jxt na pass in review, therefore, the facts 1 wu know, or think wu know, 
In order that theory and fact may not be too modi in contradiction. 

4. Tbe sun ii the only one of the stars an which tbo «*n«ip may he observed. 

2. The total brightness of the solar corona is very gmall, bring shout 
one-half that of full moon and cne-mlQionth that of tho son. nf total 
Hgb* comes from a me. extending only y from fbo limb of the aim. 

^L^r P .? i , ?4r 11 w ^ -w* " *»&*»**<««*> 
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). Thu innur camna ihowB & continuous spectrum and tlio «inl—imu Hues 
of coronlum. TJie contbiuons 1 apcctmra and most of tlic bright Hues am United 
to the region within 4 # to & at the sun's Hmb, the green lino having tbo maxtmnm 

nrfnn^Jnn of about 8 *. 

4. Tbo spectrum of the middle and outer corona shown tho Fkaunhorb 
lints. At tbo eclipse tif 1922. Moojuc (loc, dt.) found tho dark lines axteoding 
to 40* from the inn's limb. “Tho absence of any trace of sky spectrum beyond 
tbo limits of tho corneal spectrum, coupled with the fact that the sky was per¬ 
fectly dear, would scorn to remove all doubt that tho spoctrum obtained is that 
uf tho enronn. alono." 

5. Tbo cornua has boon traced to ten radii from the odgo of tho sun. On 
accrmnt of tho fbohhmew of tbo light, Httle Is known of tho spoctrum of tho 
extreme outer corona. 

6. The umhokm spectrum duo to "coranlinu” contributes only a small 
fraction of tho total energy of tlio coronal llglit. The prodominant part of tho 
spectrum of tho arena Is tho continuous spoctrum. Tho distribution of onoigy 
In this continuous spoctrum differs Httle from that of the son. 

7. Polarisation Is a maximum at a distance of about $ f from tbo sun, and 
it diminishes mere rapidly towards tbo sun than away from it. 

8. Matter of any kind, solid, liquid or gaseous, close to the son must bo 
at u high tomporaturo and must reflect and scatter tho solar rays. 

9- Tho coronal radiation b dolldont in wave-lengths greater than 5,5/i. 

10. If the alma of tho coronal particles change In diameter at difhaunt 
distance from tho son’s Hmb a corresponding change In onlnr of tho corona would 
result. No snr.li change Is noticeable. 

11. According to Bekgsiuamd, the Intensity erf tho corona varies inversely 
os the sqnarn of tbo distances from the sun’s surface. Other authorities derive 
tho law of tbo lnrcrao fourth, sixth, seventh or eighth powers. 

12. Thu motions of translation of coronal material outwards from tho sun 
appear to bo very small. 

13 . Tho son mdilhlta a magnetic fluid. 

14. Itianecanary to explain tho changing funn of tlio enrana with variations 
in tho son-spot period. 

Th cm fourteen points most be mtisflud by any adequate theory of the 
enrunn. 

88. Theories, First of all, we readily crane to tlio conclusion that tho cunma 
Is not an utnraphiffu of tbs sort gemmUy signified by this word. Tho atmosphere 
of tho earth consists of a number of guns, uf which oxygen and nitrogen aru 
tlw most Important. Observations of motom show that this atmnspham extends 
mran than a hnndrod miles upwards above aca-krvei, while truces of aararal 
displays liavu been detected to altitudes of four hundred miles. Tho moleculai 
of gnscs farming atmospheric air are attracted to tlu earth by gravitation with 
the remit that there is a p r om u at sea-level of fifteen pounds par squares Inch, 
this being cansod by tho weight uf tho column of air. Uut gravity mi the son 
is twenty-sown times more powerful than the value on the earth, wliDo tlio arrant 
lias been observed to tho enormous distance of ten minion miles from the surface 
of the sou. Thus it is easy to see that if tbo corona wore truly atmospheric in 
its Datura, the resulting praraxe at tho snrfocu of tbo son wuuld be simply 
colonial, whereas an the contrary, wo find In tho son’s ravening layer minute 
p ro m t s of a thousandth of an atmosphere or lam. 


* Moans, PnblA B P 35, p. 60 (1933). 
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The opinion of Smcuc Nkwcomb 1 cm this point Ifl well worth repeating, "Tlio 
great comet of 4845 poaod within three or four mhratca of the surface of the 
son, and therefore directly through the midst of tho corona. At tho time af 
nearest approach ita velocity was J50 miles per second, and it wont with nearly 
this velocity through at least 500 000 miles of corona, coming out without having 
suffered any visible damage or retardation. To form an idea of what would 
have of it had it encountered the rarest concdviihlo atmosphere, wo havo 

only to reflect that shooting stars are instantly and completely vaporised by tho 
beat cMumri by their encounter with our atmosphere at heights of from SO to 
100 mflea; that is, at a height where the atmosphere entirely cooscs to reflect 
the light of the sun. The velocity of shooting stare is from 20 to 40 miles per 
second. Remembering now, that reaistaxico and beat increase at least as tho 
square of the velocity, what would be the fate of a body, or a collection uf bodies 
Hke a comet, pwwJng through several hundred thousand miles of the rarest 
atmosphere at a rate of over 300 miles a second? And how rare must such on 
atmosphere be, when the carnet pares not only without destruction but without 
losing any renaihle velocity? Certainly so rare as to be entirely hrvixibiu, and 
incapable of producing any physical effect.” The great comet of 1882 almost 
groaed the sun's surface, in fact, at closest approach It came within two-thirds 
of a solar radius of the sun's surface. This comet was much brighter than the 
corona as it was readily seen in broad daylight by shielding the eyes from the 
glare of the sun. 

It is ncces&ry to repeatedly omphwlM tho fact that the corona cannot 
bo considered as an atmosphere erf tho sun. Tho chromosphere is such an atmo¬ 
sphere and in it tho neutral atoms are arranged in layon according to thedr 
atomic weights. Tho greatest heights reached by the neutral atoms of any 
element are a tta i n ed by the lightest of all gasoe, hydrogen. When on atom 
becomes innfan d, due to tho lore of one or more oxtnrnal electrons, the iauiaod 
stems reach greater heights than the neutral atoms, tho greatest elevation uf 
44 000 km in the chromosphere being attained by Ca + . According to St. John 
and Babcock 1 the pare mu at this elevation, which may ho omtsldarod tho 
base of the caron o , is 10 _u atmospheres. In tho chzomosphoro no doubly nr 
triply i o nis ed atoms have yet bom discovered. Unfortunately, many astro- 
nomora af today aeem to believe that the linee of H and Ca + found in odlpra 
spectra taken during totality are in reality of coronal origin. 

In the bright Inner corona is found tho onirekxi spectrum duo to tho 
so called "conjoinm”, and a strung continuous spectrum without Fraukhotbb 
hue*. In tho lere inte n se outer carana, tho Frauxhovre Bimm am soon. 
In the inn er co coas, due to proximity to the photosphere, are found tempur- 
aturcs ap proximating those In the photosphere itself. On account of the minute 
Itfereurw of die corona, the atoms may readily loao one, two or more external 
eleebrun*. The long free paths permitted by those small pressures «»™n cou- 
ditioM that cannot be approximated in our tenrstriMl laboratories. Un¬ 
fortunately, due to the paucity of light and the small amount of time available 
for investigations, coronal wave-lengths are much lore accoratdy determined 
th an thre e of nebulae. The sourco of the caroninm lines will unqnuitionahly 
befound among the dements in tbo top part of the periodic table, by methods 

Bom. The "coranfum" problem *ill be more 
d iffi cult than that of nebuhtun . 

Asi the1 conmimn anhsfasi constitutes a very small pert erf the total energy 
foundfo_tee inner oarooa, it may practically be left out of consideration in 

1 Rjpriar A ^u m,... . 7 , ^ Hdftkn {ill7), p. 36J. ■ . 1 Ap J fio, p, 3p (1<B4). 
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attempting to find a theory to explain the r a diatio n of the canma. Any adequate 
theory mutt supply answer* to the two following queetiraia: 

(1) What la tiie cause of the strong continuous spectrum of the Inner corona? 

(2) What la the explanation of the spectrum with dark tinea found in the 
outer corona? 

Assuming, therefore, that the riddle of coronfam will be solved without 
trunblo in due course, we shall examine the various coronal theories in their 
ability to captain both the continuous spectrum and the Fsaunhofkk spectrum. 

The first theory of the corona was propounded sixty years ago, the meteoric 
hypothesis, whereby the corona was assumed to be nothing mote nor less than 
the trulls of myriads of meteors as they foil Into the sun. Even at the time 1 , 
a gnsit authority on meteors, Newton of Yale, pointed oat that the details 
nbacrvud in tho corona won "inconsistent with any conceivable arrangement 
of meteoroids in the vidnlty of the mm". This hypothesis was very popular at 
tho tlnio and it mi invoked then, and frequently since, to explain away most 
of Lbo difficult problems known to obU rammers. 

When marc and more eclipses became observed, it was realised that than 
aru many Iotcch acting on the matter In the corona repotting the materials away 
from tlm mm In opposition to gravitation. As these fonts have been coosidraed 
raiu by one, different coronal theories have been propounded. In 1885, came the 
"ulcrtriail theory" by Huggins 1 . Tho eclipse of 1889, of the minimum sun-spot 
typo, having exhibited strung polar rays much mumblin g tho lines of face 
about a mngnot, Bigelow 1 brought forward tho "magnetic theory 11 and Ebeht 4 
tho "dectro-mognotic theory", tho latter bdng frequently undated with tho 
name of StObkkk. 

By "Mam of Schaeheble's "mechanical theory", it wu assumed 1 that 
thu corona la by light emitted and reflected from streams of m a tter ejected 

from thn sun by f otcoa acting along llnei normal to the ao rf s en of the sum Tbo 
hums uru mead active near the centra of the sun-spot zones, and c on sequ en tly; 
nrn confined almost axnlusivoly to the eqnatraifll regions. Hence, u a res ult 
of this thcoiy, tho ray seen around the poles of the sun can have no real e xistence, 
except tliat of streamers from tin? equatorial regions scat jrojected by per- 
Hpcctivn abovu and below tho poh*. In order that tho force of ejection may b o 
Hoffldraitly great to uvnrcony tho attraction of gravitation, it was necranry 
to ascribe to tho nratarials forming tho longest rays initial yelodtles u great 
iui 400 mllis per ncond. While velocities of thia also are not iinp , ^aIh lo on tho 
juui, tlm truth of the matter is that no such motions have evra been discovered 
in Urn corona. Honco It Is naccmazy to discard tho theory or to modify it in 
tsfeontial dotulfx. Mcroovra, "according as tho ohsorvra is above, bdrmorin 
t Iui phuki of thn sun's equator, the perspective overlapping^ and bitrala^g 
uf tlie stnnmute cons tho apparent variations in the type of tho corona. TO» 
loqtanutian might mtiafy an annual variation which do® not otk. bat tails 

to account for tho change In form coiodd ent with the immot p^od._ 

Gnat have boon tho claims of the exponents of tho nuflatfo a-prora nru 
lliwiry" nut only far explaining the details of tho corona, but also for fmdahing 
il rational rfucidntlon of why comets' tails ahmys print amy from too m 
nnd what causes tho amram borealis, xodlocal tight, etc. That a nyof JjgA 
exorta a iramro an any surface on which it Imping® cornea u a direct remit 

‘Natan 1800. Sopt JO,_/L onikaRa goo3ft . 

1 Tho Conns Anrad by flphsHn a l . Hs n awik a (18850- 
4 Aitroqomy f 11 ' Astiuplijri* IL P* (l893}> 
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of tbo electro-magnetic theory of Ught published in 1873 by Clsxk Maxwell 1 
and, as was shown by Baetqli 1 In 1876, can bo deduced from the second law 
of thermodynamics. That light actnaUy oxsorts a pnuro has bean shown ex¬ 
perimentally by Lehrdew 1 , and by Nichols and Hull 4 . A rigid application 
of the theory of Maxwell is poraihle only when the body acted upon is largo 
compared with the vibrations of Ught itself. When the body 4s of a dxo approximat¬ 
ing the wave-length of light, Schwambchild 1 haw shown that the maximum 
value of the repolrive fora is about twenty times the attraction of gravity. 
Mitchell 1 , and independently V«gaep t applied this theory to tho tails of comots 
and rwlrniatwl tbo r adtaHnn t r easur e compared with tbo attraction of gravity. 

Tho details of this valuable theory with Its astronomical applications have 
been worked oat by Arrhenius in his excellent book "Worlds in tho Making 11 , 
1908. The radiation-promo theory has boon- of tho visy greatest ossistniico 
in dPttHng with tho corona for the reason that it provides ns with a knowlcdgu 
of an additional force acting in a direction in opposition to gravitation. Miller 
has published a aeries of oxcdkmt papas 1 inquiring into the question wiiothnr 
the coronal streamers exist in accordance with a modi fled Schaebkhle mechanical 
theory that their motions are produced by ejection, by tho rotation nf the sun, 
by the attraction of tbo sun and by tho radiant prasura of tho sun. For tbo 
purpose of tbo investigation. Miller examined the excellent aeries of photo¬ 
graphs of the corona obtained by tho Lick Observatory oxpodltinna from 1893 
to 1918, Inclusive, also plats secured by himself in 1905 end 1918, and Lowell 
photographs taken In 1918. The conchndooi drawn are that tho farco of rupulskm 
is surprisingly large, being almost equal to tho attraction of gravitation, and 
as a result it is unneemsary to assume tho vary largo velocities of Schabherle'b 
original theory. Hence the facts accumulated seem to bo in fairly satisfactory 
accord with roe theory of Ahrhexxub is follows 1 : 

"It is very probable that than drops for which gravitation is just com¬ 
pensated by the pressure of radiation will bo the chief material of tho inner 
c oron a. Far drops of other siss are selected out, tho heavier onos by falling 
back to the sun, the lighter ooei by being driven away by tho pressure of radiation, 
no that just the drops which, so to say, swim under tho equal influence of 
gravitation and pressure of radiation will accumulate’in the enrona." 

As Aawn by the researches of Eddington, Milne and others, it is of the 
utmort necessity to allow for radlttion-proamra in dunHng with problems concern¬ 
ing the sun, and it is therefore imperatively necemry to tnkn account of tbo 
petturo of Ught In deriving a theory of the enrona. Edddcotom 1 *, however, 
has voiced a warning that as wo are not oblo to duplicate in tho iaboutury tho 
conditions u^Iatin g In close proximity to tho sun, wo are ignorant of tho true 
laws af m d atWi -pre ssu re, which may have "ancooragod quite exaggerated 
ideas of the pco a ib l o effects of radiation ptanro”, Ho has calculated tho upper 
limit of its power of supporting or driving out matter and hns fo und thin to bu 
equivalent to a pressure of 2 dynes per aq. cm. This can be likened to a wind 
of this strength and the exact effect an any material will depend on its powisr 
of absorption — of stopping the wind instead of lotting it blow through. Allowing 
an ample margin for uncertainties of ohs cr ra tion, he calcula tes that^tho pnam nu 
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of radiation cannot cany a total weight of more than a milligram per aq. cm”. 
Tho moat competent authorities believe that the chromosphere is hugely sup¬ 
ported by radiation praanre. 

Amuming an effective temperature of 6000° aha. for tho son, Askbskidi 1 
calculates a temperature of 4620° aba. in thp inner enrona at a distance of / 
from tho adgo of the ami. Further, ho believes that tho "drops of liquid metal" 
consist of inn. In ardor that radiation promo may just balance gravitation, 
nccrinling to hu theory, tho molten particles must each have a diameter equal 
to 250 /</*- Abbot 1 ads how matter at such a high temperature can exist 
in either the solid or liquid state. In Z f Fhys 28, p. 299 (1934). Wu> 
i nw.ii AifUBBSON goes thoroughly Into the question of the powdhie existence 
uf cnMlilcal dust in tbe solar corona in a solid or liquid state. He investigates 
tho pnodbUlty that various dements and compounds may exist In solid or liquid 
ham under wide ranges of temperature that ho ca lcu l a t es . Ho Cornea to a very 
doflnito and positive conclusion that cosmkal dust can exist In tho corona only 
lit d is tuna* from the edge of the sun greater than ono radius of the sun and 
that tho continuous spectrum of tho inner corona cannot bo aiaribcd to solid 
or liquid particles no matter who tbe they are largo or sm a ll in alze. Tho theory 
of Amunmua must therofero bo (Awarded. 

Tho writ** of this memoir (see Edipacs of tbu Sun, p. 355) cannot agno* 
with Campbell in tho opinion oxpmed in his address 1 at tho JO 1 * meeting 
of tho American Astnrankal Society that "the spectragraphic and polari- 
graphic observation* of the axonal light show clearly that the coronal materials 
daw to tho sun am in part gasocma, and in part solid and liquid portides s hinin g 
chiefly because they are heated to inca n desce n ce". We are farad to agree with 
Abbot and with Ajujehbo* that neither apUd nor liquid particles can exist In 
tho innor oamm, and thm la rwthfag left hot to amine that the matter oi 
tho innnr corona imut bo in a gaseous state. At much low temperatures than 
cah poadbiy occur in the inner corona, Kate, by means of spoctnwropk ob- 
Hurvuttona with the electric furnace at Mt. Wflaon finds that all efcmente far 
veatigutad an completely vaporised. But what gaa, or gaaca, aro found in the 
lmiorcorona? A partial answer can bo made to this 

"coronlnm" oxiata in tho inner corona. However, we have agreed, tar the ume 
Ixjinm tn leave caronium out af cansktormtlan. 

Campbell also states (toe. dt): "The ^ectrum of tbs mMdtoandouter 
anwn 1a tbe aama aa that of tho sun itaelf, except that tho abaoirtion Hnm on 
SSTnlLl vetrognun. .n, wider and J- ctarfy datod than M 
iiro on nky snuc tn m rna aecored with the aaxno spectrograph*, tbo sanieiht 
widtiw and ^qua^^divo expoemea, aa Hem, Mom* and Campbell noted 
in 4 (HR and 1922." The camlanatton aflered was that tho enrona is anobject 
<* Z* dlmaSSa and that tbe 

with tho kinetic theory ol gaaea cana« a widening and hhnrtag d tborsAinraom 
1 * n0 TTio nhacnco of dnricUne« in tho ipectnim of thn 

elolSfto itornTtowottoa are S^thjmfa^or ™t to 
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by effects. A pp ar e n tly! be hen forgotten that chromospheric linos talus 

their origin in comparatively ih allow layers while the dark lines in the coronal 
spectrum are not thus restricted. Fabry 1 thus explains the coronal spectrum 
through the «Wfnirfnii of light by the coronal gases, whose molecules, strongly 
Illuminated by sunlight, may probably act like the line particles of a fag in 
scattering light. In view of Rayleigh's fourth-power law, "It is difficult 1 to 
me why the light of the c ornu a, if caused by molecular scattering, is white in 
color and not bine like the aky." It has been urged by Fabry that duo to tlio 
iee hlenesa of light of the corona, the bine light exists but is not shown to tlio 
eye. However, as Akdebsoh has shown (loc. dt) the corona is not feeble bnt on 
the contrary has strong Uhnnlnatlan in its inner portions. 

In view of the very minute prnssurm that arc found in tbo inner corona, 
it is open to question whether molecules can exist under such conditions. An 
answer to this question is however of no consequence far the reason that rocont 
Investigations have shown that electrons cause scattering. Unqucstkauihly, 
both electrons and ionised atoms exlst in tho Innar ctvuna.* Tho Doppler effect 
produced by their rapid motions near the solar surface causae n widening and 
binning of the Fsadmhdier Una. This blurring la further increased for tho 
reason offered in Secthn f, namely, that the dark lima of the inner corona aro 
pertly obUtsated due to over-exposure. 

We therefore seem farced to canclnda that the produmhmnt spectrum 
of the corona is exactly the same as that of the snn, with a distribution of energy 
which is practically identical with that of tho sun. In other words, tho coronal 
spectrum is nothing more nor loss than reflected sunlight. As already noted, the 
spectroscopic work of Hooke at the eclipse of 1922, and tho measures uf Mtt-T-xh 
mi the detailed structure of the corona point to tho condnaloa that tho coronal 
materials are traveling outwards from the sun. 

Having doived them e rmrin s inns regarding tlw corona, lot us Investigate 
further theories. The only vital problem of importance loft is too attempt to 
fathom tho nmstltutkm of tho couna in order to explain how redial Ion can 
actually take place at distances of ten redd fro m tho solar surface, and also 
what fa the nature of this radiation which exhibits a reflected solar s p e ctru m, 
apparently to the outermost confines of tho corona. 

Wo agree with Aiiiiuauir* that "neither theory nor ubeervatkm favors tho 
fluorescence hypothecs'*. 

Attempts have been made to the corona through tlio bombardment 

by a and ft rays e man a tin g from radioaettvo substances. Hydrogen has an 
atomic weight of f ,008 and helium of 4,00. If four atoms of hydrogen combine 
to make one atom of helium, the difference, 4 • 1,008 — 4,00 -■ 0 , 032 , re¬ 
presents an amount of energy so enormous that Eudikgtom has calculated 
that if only tra permit of the hydrogen of the sun were changed Into helium, 
enough energy would be liberated to supply radiation to tlm son for 10* years. 
In spite of soch interesting conclusions, we must again call attention to the fact 
that we do not know of any radioa c tive «*nmi of any kind wfaHng In the corona 
and tboefexe we do not aee how ra d ioactive proccmm can he brought into play. 
Asuhwox c alculates the amount of light that might pumihly bo generated in 
this manner, and be finds that It amounts to iO~ A candkwnetara, Whenms too 
light of the corona is fOOOOO tima greatar or one candle-meter. He to 
the c onctn si nn that "toe difflmiltim are not so great aa they wwe fenneriy 
hat nevgth dem they are still great eurogh." 
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ScHWABXBom.n 1 pro p os es a theay of attractive posribflitioa, namely that 
tho corona consists of ''oicctroo-gai”, that Is, a gu of vary long moan free path 
which is capable of reflecting and polarising light. Tims canid readily be ur- 
plafned the reflected solar spectrum, As Schwajbcschtld has pointed oat, hmrevnr, 
tho negatively charged electrons must require an equally forgo positive charge 
on the surface of tho sun, thus causing such a strong electrical Sold that oven 
the fastest moving electron* would be stopped at distances 1cm than a milli¬ 
meter. In conreqnonCB, tho corona could have little extent 

At tho edipae of September 10,1923, KohlsghDttkb and voir on Pahlhw* 
carried out reacarchea over tho farm of tho coronal rays. They investig a ted 
whether those raya might bo explained on the OHumption that they wore earned 
by material particles moving in the gravitational Add of the son, but obtained 
negative results. Quite satisfactory cnndnsinns came from SrOaioqi's theory, 
that .tho corona consists of eloctrkally charged particles moving under tlio in¬ 
fluence of the magnetic field of the sun. 

On tho contrary, Campbell” finds that “it has boon thought that tho 
Items of many camnsl streamers, especially those near tho son's pales, are con¬ 
trolled by tho sun's general magnetic field; but studies of large-scale coronal 
photographs obtained by tbo Lick Observatory at the eclipses of 1896, 1900, 
1901, 1905 and 1933 Bern to show that this cannot bo the awe, at least for 
polar streamers. Tbo position angle of tbo axis of symmetry In each of tho five 
'minimum* coronas is in good accord with the position angle of the son's axis 
of rotation, the average discrepancy being has than one degree of arc. Tho 
average diffaronco between the position angles of the axis erf polar streamer 
symmetry end tho position axis, of tho mm's magnetic axis appears to be u 
great os four v five degrees." 

LunsMDOBir 1 agrees with Schwarzschtld In amuming that the corona 
consists of free electrons. In odor to got around the difficulty of the great electro¬ 
static charges re q uired by tho electron-gas theory, Ludkhdohvt asaumea that 
atoms carrying positive charges most bo mixed with the free electrons. 

Quite independently, Mmami 1 «my»* to the conclusion that the 
consists of electrons and ho attempts to explain tho corona and alan a number 
of isolated facts. Like many others 1 , ho finds it difficult to believe that a 
nebula, such as tho nebula in Orion or tho far-flung nebulae as tho one in Cygnna 
(N. G. C. 696 a 6992), is luminous become tho kinetic entegy causes tho particles 
to ho heated and that tho hunhmalty is wholly thermal envgy. It is Inroad t- 
ablo that a body of such vast dimensions am bo heated to luminosity and yet he 
surmundod by the interne cold of Intcr-ateUar space. In discussing diffuse 
galactic nobulac, Hubble* finds that “It seems mao returnable to jiaro the 
active energy in the relatively donso and exceedingly hot stars than In tho no- 
hulosity, and this leads to tho suggestion that tiio nebulosity is made luminous 
by radUtkm of same sort from stem in certain physical states." Again Hubhuk 
remarks: "It is doubtful whether or not a mass of diffuse nebulosity isolated 
In space end with no stars involved could hold together and at tho s am e time 
shine by light generated by cnlliainns gf molecular. At temperatures ccrroapund- 
ing bo intensity-distribution or width of tinea in nebular spectra, tho average 
speeds of tho molecules would bo so Ugh compared with tho velocities of escapu 


1 Astrua. HUtdl. d. Stwnvsrte Gtttfnfem 13. p. 63 (1V4> 

1 VJ8 61, p.1J3 (1«a^. * BopAWr 31. p.643 -0«3). 
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that the nebnlorities would jrobahty dkaip&te rapidly. Oh the other hand, it 
molecular speeds an sufficiently snail to admit of cohesion in the mass, tlie 
nebulosity would probably be too cold to radiate light. This argument suggests 
that diffa™ nebulosity la not intrinsically luminous, bat is rendered so by ex¬ 
ternal causes." 

Mitchell therefore concludes (loc. dt, p. 551): "If it is passible to discover 
the mechanism whereby the n«hgi«» are rendered luminous, the same mechanism 
wfiD. probably explain the of coronal radiation. In a sense the corona is 
a nebular appendage, very frofrle in hmdnoslty compared with the sun, and 
moreover it Immediately surrounds tho sun and is not at great distances as In 
the cam of nebulae... The mechanism for ex p lai n ing tho radiation of corona 
and nebulae unquestionably is found in the electrcm.” 

Recently, in a aeries of excellent srtida an the Physical Nature at tho 
Solar Corona, Wilhelm Anderson 1 r e vi ews the various coronal theories. Ho 
accepts the view of Schwasxschild" that the corona consists of oketron-gaa. 
After nuHng certain plausible assumptions concern i ng conditions that mdat 
in the canxia, he fiml«»+<■*, an the bask of c onvec tiv e equilibrium, tho effective 
molecular weight of the coronal material, and lie finds a good agreement with 
the atomic weight of the electron. The thermal radiation cI tho inner corona is 
naturally greatest near the solar surface, so likewise is the intensity of tho 
photospheric light reflected by the electrons. Anderson takes tho three best 
known formulae far intend tim of radhtirai in tho corona (see Section g), the 
inverse sixth power law of Turner, the inverse fourth power of Beceer and 
tho inverse Kpxaro law rf Bergotraxd. He finds a good agreement between 
the two kite at a distance of 0,28 solar radii. On the assumption that at this 
distance the diffuse reflected light has 38 per c e nt of the intensity of the total 
illumination, he rolmlstes the results from his theory and he finds n good 
agreement with Bxceer's values dose to the sun, but farther out a cfoeor 
approximation to the inverse square law. 

It therefore seems to be quite probable that tho coronal radiation takes 
its origin in the electron, the radiant energy earning from two separate causes; 
(1) from thermal radiation resulting from oollisians, and (2) by rufioctlou and 
scattering of the photospheric light The first effect is visible only in the inner 
corona while the second manifests Itself both In the inner end outer corona. 

In quite a sfanflar manner, Zansiea" has maHm an application of the quantum 
theory to explain the luminosity of diffuse nebulae investigated by Hubhle. 
In a sense tho nebula has little radiant energy of its own but bmiu ww or taken 
energy from the a mod a ted star (or stars), the electron being tho medium far tho 
transfer of energy. As already stated, Bowen has explained the nebolium spec¬ 
trum as the result of tho long mean free paths of tho electrons, tho jumps being 
'■forbidden" under kbcntxay auditions. 

Hence, it seams to be definitely proven that both tho solar corona and the 
nebulae are rendered visible as tho result of the action of ejecti ons. Whatever 
the exact mechanism may be, it seems reasonable to suppnao that tho high 
t e m per atur e s of the sun and other stars permit tho ready discharge td electrons. 
Both the number of electrons emitted and their energies depend on flic in tensi ty 
of radiation or on tho temperatures of the start. According to- tho inwtigationa 
of Eddington and Milne, radiation promote greatly assists in tho discharge 
of electrons. 


1 ZfPhya JJ. p.373: 34. p. 453 (1525); 35. p. 737: 37. p. 343; 3& p. 330 *1 
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It la unnoccmary to assume with Sckwarsschild that the corona consist* 
almost exclusively of electron-gas. Zanbtha made no such osumptlon In ex¬ 
plaining the radiation of nebulae. In tact, diem la positive Information to tho 
contrary. In the Inner corona la found tho amtnalon spectrum due to canmlnm. 
Thla radiation can be cauaod only by tho cnDkkmi of otectrana. Bat colliding 
with what? Evidently with protons and with atoms which have lost one, two 
or more external electron. Hydrogen, helium and caldnm atoms extend to 
great height* in the chromosphere. Above the 14000 km level reached by tho 
atoms of Ca+, as shown by the H and K lines, there are probably other atoms 
in Irmlind states reaching atm greater height* tut whose radiation* give no light 
in the visible spectrum but are found for in the ultra-violet beyond tho ranch 
of spectroscopic Investigations. Coronlum atoms roach elevations about twenty 
times grantor than those attained by ionized cnlrium In tho chrcsnospbero. 
Hhjcc, it is nnrr wry to srarnno In the inner corona that in addition to elections 
there aro protons and kxiixed atoms. A* already stated, this is the ramo assump¬ 
tion made by Zaxstea for nebulae, and it is the basis of Bowm's splendid 
work In finding tho crigin of nobuHnm. Tho protons and ionized stmts will bo 
mtsit numerous noor tho solar surface. They thin out rapidly in the inner anna 
and few of them am found in tho outer corona. 

Anderson points out that tho "efcctrostatic riddle" of the eloctitm-gaa 
theory is no greater than the "olectrodynnmlc riddle" resulting from conditirais 
In the atom. In tho Bohr atom, negative e l e c tron s aro supposed to circulate 
shoot tho positive nucleus without tho expenditure of any energy. Several 
methods of ov er c o m ing tho electrostatic riddle of tho corona are investigated by 
Anderson but lio finds nano of them acceptable. In addition to Ludekdoeff’s 
postulate already alluded to, RsichxnbIchxr'i 1 theory was examined according 
to which tho proton ia assumed to bo c ompoaed of electrons and positive sub- 
b tarns having a mass of the same order as that of the electron. 

If in the inner corona it la assomod that there me protons and ionised atoms 
in addition to cloctnan, then the otectrostatic paste that Anderson finds no 
difficult of explanation moms to have bon at least partially salved. 

A satisfactory axpfonatkxi of the enrona does not now seem to involve 
too many insurmountable difficulties. The mechanism for it* radiation is the 
ctectron. In tho inner corona the caroninm spectrum (which we temporarily 
pat soldo) ia given by caHUons of electrons with ionised atoms. In addition 
to tho orniesfon spectrum of caroninm, the Inner corona show* a continuous 
spectrum without Fraunhofer line*. The continuous spectrum is caused by 
tho light of tho photosphere being reflected and scattered by electrons, protons 
and ionised utorus, whose rapid motions by Doppler effect cause obliteration 
of tho Fraunhofer lines. Tho intensity of tho continuous s pe c trum diminishes 
very rapidly from tho solar surface outwards. It la not hnpcaslblo that port of 
tiro continuous spectrum may be an omladon spectrum sunOar to that found 
at tiro limit of the Baluer aortas of hydrogen. Thao can bo rutativefy few looked 
atoms in tiro outer corona, and benco it is visibk mainly ss the result of scattering 
of tho photaephorlc light by the electron. On account of tho linear motions fo 
tho lino of sight befog much ■naTler than in the inner corona, the Fraunhofer 
linos aro present but they aro feeble from widening by Doppler nffcct 

Any adequate theory must explain the changn of shape of the corona with 
sun-spot phase. Camfeetj." baa noted that tho groat coronal atroamn of spot 
minimum do not proceed from the spot zones bat have their centers near latitudes 
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+45* and — 45 *. "It cannot be said that ecHpao observations havu given 
evidence that wnn al streamers, prominences and snn-apoti arc closely related 
phenomena In the geometrical senso; but tho indications far somo connection 
■between streamers and prominence* arc clotuiy stronger than for streamers and 
sun-spota.” 

We are all so thor oughly certain of an Intimate connection between tho 
aurora bm y tk tod t n l ar activity as shown by spots that we have got into tfaa 
habit of looking far sun-spots whenever there is a brilliant display of narthm 
lights (and we usually find the spots). For some reasons yet unknown, when 
the aim Is In great activity as evidenced by numerous spots, electrons in calomel 
nnmbc s «« nff by tho «nn , These pern through the chromoephcro, through 
the corona, leave the sun, and reach the earth's upper atmoapburo where pranurcs 
are small and where electronic discharges cause tho northern lights 1 . At the promt 
day of the history of astrophysics, it seems superfluous to attempt further to 
demons tr ate that the aurora l«wH« is canted by tho solar activity. The nxv 
chanicn whereby tho energ y is jxopagated from the sun wo do not at pnaent 
under stand, mainly fix the reason that conditions of temperatures and presnunw 
in the vicinity of the sun cannot be duplicated or approximated in our laboratories. 
Russell ana Stkwabt* conclude that "the total amount of matter abovu tho 
photosphere k CM gm/an* — equivalent to a layer of ordinary air 10 foot thick." 

As repuds the shapo of the corona, we moat recall that near sun-spot minimum 
the dying cycle of spots are near tho solar equator while thorn awakening Into life 
are at Uglier latitudes. Hence when tho sun is quiescent, the effect will bo that 
of very long streamers going out in straight lines, the maximum lengths being 
attained not it the equator bat at the higher latitudes of the 11 wakening spot 
sane, a fact already noticed by Gaufhkll. A spot on tho sun or an octivu pro¬ 
minence may be a local center of activity on tho sun, with the result that coronal 
streamers or hoods surrounding the prominences may result. The comparative 
inactivity of the sm at its poles la oxhibited by tho short polar brushes. Even before 
passing the epoch of minimum of spots, tho activity of tho sun is rekindled, and 
henoo e l e c tron s arc disc har ged with greater and greater strength In regions not 
nr rr Biii-fly limited to the solar equator. Consequently, the corona takes oo first 
a rectangular shape, and then a contour mare and more drcnlnr as tho time of 
sun-spot m a ximum la approached. Owing to tbe greater average vigor of electronic 
discharge it sim-apot maximum, tho* should be a greater Intensity rf ttoomlarfon 
lines of corouhun than at minimum of spots; nd la found actually to bo tho 
cue. Afta pairing through tbe minimum of spots, the awakened sour activity 
shows itself In three different portions of the son: ( 1 ) In tbo photosphere, by its 
increased radiation canring spots to appear. ( 2 ) In tho chromnspharu, tho In¬ 
creased radiation carries the dements of medium height to greater avmgo 
devatloos. ( 5 ) In the corona, the Increased radiation causes an increaao in 
strength of tho and s rio D lines of axonlum and also makes tho corona, ban tho 
shape anodated with minimum of spots, of long equatorial axtcmaksis and short 
polar brushes. 

According to the recent work of Hilmx 1 , thoro is sumo doubt uxisting as 
to whether tbe atmospheres of stars are in thermodynamic equilibrium. If 
tliey are not, then the result will be that tho theoretical coochudona now ( 1928 ) 
believed to be true must probably be modified in c —n tial de tails. Furthermore, 
us con d it ions existing in the son cannot bo a p p roxim ated hi laboratory 
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cocparimentB, little is actually known of the exact physical lows Inv olv in g the 
dlschargo of electrons from the son or these underlying nuhatkm pnu rt at 
tho solar surface. It seems Idle to tat any theory from lalxxBtary experience 
as Andkksom 1 haa done. 

Tho pest doadM hays been golden yean far the progress of astronomy, 
partkmlany an accou nt of the combined attack on atomic st ruc tur e by the 
uxtranomar, phytddft and cheriat The importan ce of the has thus 

boon recognised. The theory of Jxxdntkn which hoi already been ao socceadul 
in furnishing on explanation for many of ^ djflknltlei connected with the 
flash apoctrum, the chromosphere and sun-spots is but a branch of a larger 
thoary of ptoto-electrklty doling with the prodnetkm of light by the peaage 
of electricity through gooes. Photo-electric action involves both kidsaHrm 
and radiation. When an electron strikes an atom and a transfer of energy takes 
place, there may bo c om ple te ifdntlnn, as shown by the production of positive 
and negative inna, or there may be partial ionlmHnn, that la, a disturbance of 
tho atom which is not de tectable as ionisation but is shown by the prodnetion 
of radiatio n. Both radiation and Ionisation are by the action erf electr ons 

in their bombar dm e nt of at*” 1 *. The fundamental basis of Sosa's remarkable 
tlicory is that the a Wiww obey the some lews as gases, or in other words, that 
they will have the some physical properties os any of the atoms. 

Moreover, recent work in ostrqpbyslci has demonstrated conclusively that 
tho sonroo of energy la found In the election, that even xnaailtedf taka its origin 
In tho oloctnm. Eudznoton has shown that the stare are ell slowly losing mes a, 
for the reason that radiation is energy, the dUpatku of energy mean s the 
discharge of aloctnme, which is synonymous with saying a dimin ution of more. 
Consequently the son is amtlnnally losing mass by the discharge of electrons. 

It is unfortunate that the corona can be investigated only at the rare occee- 
ione of total ocHpeee and that on individual doting bis whole ttfdhne^no matter 
what He unthususm or akin may he, will have leas than one hoar wi thin which 
tn nxiko all of his observations of the corona. With so hm>e<apM in the immediate 
future that {xomiae good eimosphaic co ndit i on s, pugma in knowledge con¬ 
cerning tho corona promises to be very slow. 


f) Shadow Banda. 

84, The Shadow Bands. Shadow bands have no eitzppbyalcal bnpmtsnra 
iukI for that reason they wffl bo 

U ginning and ond of Ao total phase of a so lar echp aa, 

theyelurald be mmtloimd in a monograph on^cBpeaa even though they involve 
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The 1925 hands were probably intensified due to the foot that the time 
of the ecHpm vrts early in the nvmfng whim convection mi active but mbbably 
confined to the lows layers of the atmosphere within J00 meters of the earth. 

The general features of the observations agree with those from earlier cchpaos. 
The shadow hands were seen hr two or more minutes before totality and the 
same length of time after totality. Some o b se rve s ropmted seeing bands twenty 
mhmtahefiare totality but they were probably caned by heated air rising from 
farnacB c himn eys, and in several cases thin was proven at the thno to be the cann. 
No o b s erv e r s regarded to be retisMn reported the shadow bands during totality. 

The length! of the bands were generally observed to bo broken and confuted 
arcs or abort blotches of light, a third, a half, or even a full motor In length 
The dark band waa usually rep or te d having a width ane-flfth that of the bright 
band, the dark hand being observed by different persons from i cm to 15 cm, 
while the bright areas had a width varying from $ cm to one meter. 

Naturally there waa a wide range in the estimation of the speed of travel 
of the shadow bands, from stationary with a shimmering light to vpy fast motions 
of 50 km per hour. 

The general nuvnmi of opinion from the very large number of observers 
firing part was that the Shadow bands wse narrowest, most distinct and most 
sharply defined immediately before and after totality and that they became 
broader, farther apart and more indistinct until they disappeared with increase 
erf width of the sdsr crescent. 

HAsmos 1 painted out many yean ego that the motions of the shadow 
bands must bo per penriknltr to tbdr lengths, otharwiso the motions could not 
be observed, and tint they most He approximately parallel to the crescent of 
the sun. The shadow bands therefore can have no crarnectinn with the direction 
of the wind, a fact which all observations mem to confi rm. 

G. HoDf-D'ABTUno gives a comprehensive investigation of the subject with 
many nrfrran cm to observations in PubL detPOmervaterio astron. d. R. Unl- 
voiiltk dl Bologna, I, No. 6,1924. The subject la oho treated by Pkrvtu and 
Kim 1 . Rokkt' gives an account of shadow bands observed os the son rose or 
sank beyond a sharp horison. Wood 4 and Mitchell 1 treat tho subject briefly. 

Most authorities agree in behrving that tbo. shadow bund* are «m«ad by 
irregularities in the optical density of the atmosphere, tho cro ac un t character 
of tin sun mag nif y in g the effects of contrast in the bands. 

Humphreys considers four theories for Mplnfafag tho hnnda , all of which 
ore heard an the assumption that the irregularities in density ire due to dll- 
f arena s <rf tempre a ture. 

1. The upper limit, or currant patting, of active convection in the atmosphere 
is marked by an abrupt temperature inversion. When disturbed by wind, this 
oriHng becomes a corrugated interface between the wanner air above end tho 
coldar below. With dear skies, this corrugated surface p r o d u ces condeMatioBi 
and dbpendona of Hgbt which may be {rejected on tho earth below iu a manner 
exactly s imil a r to the behavior erf ripples of water in fa n n ing tight and dark 
patches on the bed of a shallow stream. The corr ugated intgfree acts Hko a 
cylindrical lens in bringing the bands to a fan If tida were the explanation, 
there apparently is no reason why the bright and dark hands should differ jn 
width. Mareovn, at the 1925 ec lip se there was little or no wind, and consequently 
this explanatinn must be dlscardo! 


1 Light, Appnttx B (1900). 
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2. If tbo co nv e cti on be af thermal origin consisting of cnlnmm of air riling 
and falling side by tide, and Burning that the wave front In the upper atmosphere 
ia flat, thraji on reaching a lower level the wave front will be warped, having 
traveled farther through the rising lighter oolmnna of air than In descending 
denser ones. On readdng tbo ground, the light will bo concentrated In some 
places and depleted in othora. This explanation aonnda very reaaonahle bat 
the nm criticism can bo applied to it as to the one above, namely, that the 
bright and dark bands would be formed of equal widths, which ia contrary of 
the facta. 

3 . A third aaanmptkm may be made that the light passes from the rising 

lighter air Into the descending mmnw in a abacti on nearly fangwnHa] 

to the interfaces between them. This would cause the msrimnm or border 
refraction of the type that permit! the photography of sound waves. This might 
become a satisfactory explanation if the light were coming from a paint source. 
Shadow bands would tints consist of moro or loss dktirw* shadows. Bui the son’s 
cr e sce nt can not be ccnsldaed as a point source and tida explanation cannot 
hold except for bands aean leas than thirty aoconda from totality, 

4. Instead of the light pasting from the lighter to the denav air, as just 
asumed, let it go from the denser towards the tighter. The lighter air commonly 
rises in imnwrona isolated nausea, and experience teaches ns that whan the 
hestnd air aaoanda in a connected column a whfrHHruH* es tablished. Tbepsawge 
of light from the denser to the rarer air may canae total reflection over a »™11 
area of the i nt e rfa ce. In reality them la a daflootional hwmting of the rayi as 
tliey pass through the aboil exactly In tbo manner of the Inferior "drag*, ao 
commonly soon in smnmv over heated atroeix and smooth roads. All the light 
from e v er y object Inrindnri within the angle of total reflection would be wholly 
oxriudod team that place on the surface of the earth which It otherwise would 
have readied, end the light thus exdndod would be added to that In the adjoin¬ 
ing place. 

In this way, the geace nt of the sun a few mhmtea before and after totality 
must prodneo narrow dark bonds which become more distinct and more numerous, 
alnoD ■nafler inhamogeoeitiaB would then Baffles, as totality Is approached. 
Each dark band should bo bordered on one tide by a narrow atrip of extra bright¬ 
ness, The dark band with bright bonier would be much narrower than that of 
the intermediary lighted atrip bet w een successive bands. Moreover, there would 
bo no uniformity in either the widths of the bands or the disfamce between them. 
Tho bright odge of the dark band would probably bo difficult to observe on 
account of tbo shimmering which is constantly in play. 

Apparently, the shadow hands arc canaod by psondo-total reflections, or 
vnlrago affects, produced by the transition shells bot w —1 wanner and cooler 
adjscoot m neons of air in a state of thermal co n ve cti on. 

k) Emrsn Theory. 

8 & Deflection of Star Images on Eclipse Plates. The theory of relativity 
is based on the notion that it la impnarihln to dbwi''absolute motions and 
that all of our knowledge ia derived from motions which are relative. The 
theory of Enmamihaa been very successful in interpreting observations in many 
different branches of phytioal adnoos, Enremtor extended the theory to the more 
prodao obeervutioca of as tronomy and derived a new law of gravitation. .Tho 
motfcma jxedloted by this law dnfer from, those derived from the Newtonian 
law by quantities 'which are » ▼ary ndimte that they pan be tested only by the 

as* 
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mfmt xvSned obmrvatian* Tim astronomical crmaegoenceB wffl be treated haru 
wy briefly. 

In to the nwHwi af the perihelion of Mercury, the theory 

of rrifltlvity eased a greet triumph in predicting the drflectknu af etui on 
ecUpn plates. All* of the ramha obtained at the edtpn of 1919 and 1923 arc 
fytm d in the following table 1 where axe given the ob ar vod deflections rod octal 
to the ann'i limb. The extreme dhtancna from the center of the ann at which 
stare were maamred ate aho given. The observed values are In nxrteflent agmu- 
ment with the jxedictian of R u bt xdi , far not a single set of platoa, except thuno 
at Sofcrtl taken nodor poor (wtitinm, ritfhn from the predicted value by mom 
than twice the probable error. 


Stellar Dsfleotloas ebumd at the 1919 aad 1922 Bolipeaa 





B 

ES 

‘5T 


— 

1919 


Sou 

19ft 

r 

7 

1*»5 

1".98 ± 0"*12 

Draoa 


fifihral 

11 

16 

6—12 

1 .5 

0 J6±o ,1 

gponemm 

Msy 29 


Pxterfpa 

11 

2 

5 

1 .5 

1 .61 ± 0 .3 

Davidson 



WsQsl 

10 

2 

18 

2 A 

1 ,75 ± 0 .3 

Toom 

Coast 

iga 

Sapt.21 


ConHUo- 

Dova 

5 

2 

14 

2 .9 

1 .77 ± 0 A 

Douwmll 

Davumon 


WtIUl 

IS 

4 

da-lS 

3 A 

1 .72 ±0 ,11 

Camthhx 



wuu 

5 

6 

135-145 

10 A 

1 32 ± 0 ,15 

TXoiour 


The wetted mean of the lick meaaurm at the 1922 ecflpee la l" l 75±0 ,, ,<>9* 
Thta value cornea from tm plates taken with two pain a! aameres with wry 
different types of photographic plain, the ecUpM maastxrea being cbeckod from 
plates taken for the porpoae oatxide of the ecHpee. The resalti at the 5-fiut 
cameras based on nmnenmi snail displacements of stun between 1° and } m 
from the son's centre amfirm the larger displacements af atari bat neon ft°S 
and 1,*S obtained with the 15-foot camoaa. nor the two mis af plates different 
methods af measurement and redaction were employed, the predicted shift 
amounted to 1*75. and hence It must be condndad that ectipeo plains live 
abundantly verified the theory of relativity. It mnst not be emnnmd, bowowv, 
that the theory has been proved to be true. No amount of observational con¬ 
firmation cm furnish indtspntible proof of a law of Natnro, because even mu* 
exmpHm to the great kw of gravitation Ivoald make it necessary to discard thu 
law or to revise It 


Many scientists still refase to accept the Buranov theory and attempt to 
explain the observed shift of stars an ecHpm pittas as doe to othar caiMH, 
particularly the "yearly r efcactim 1 1 by Cocnzvofcxa and anamalona tsmatrlnJ 
refraction. Camphxll and Ttomtf discMi nrf ip— r wnHn w r y thoroughly 
and come to the following condnskma. "The ^np* observations contradict: 
the nxtstmrn of Couxvmszx's ‘yearly refractian', at least in the immediate 
neighborhood of the nm. Abnormal refraction in the earth's atmosphere osonkI 
by the co olin g effects of the moon's shadow could not have the measures 

appreciably.'* 

At the oc Hp m of 1926, Mtijib and Mabbptt*, using a camera with tiiu 
great focal length of 63 feet, made a further attempt to check up the results of 
te rrestri a l refractian by measuring the lunar diameter. Many have suggstnd 


1 EdtjMi d tfca San, Bdttfcn, p. 430. » Lick Boll 13, p. 130 (1928). 

■ A J 38. P-101 M. 
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that as the air within the moon's shadow cone is at a lower temperature than 
that outside, the effects of refraction might poreQriy be erf the game also as that 
demanded by the Emstkd* shift, Rmtognipha with short exposures p er mitte d 
the measurement of the moan, the scale of each plate being determined from 
e xp o sur es made far that purpose an stirs. Milijcb and Mamjott carried out 
the measnres indepmdentW an three separate eclipae plats. The diameter of 
tbs moon com p e te d from the constants of Newcomb and Bbowb was 20 JO", 20 . 
Milleb's measures gave 2030",28 ± 0",17 while the value 20J0",J4 ± o ",13 was 
obtained by Mahxiott. These remits with a moan probable error of 0",15 obtained 
from meaiurmnents made at the hmb of the moon show no evidence of a relativity 
shift a damn times greater in dm. 

Hence it la concluded that tho o b ser va tions made at the nchpari of 4919,' 
1922 and 1926, within the limits of accidental errors, agree with the prediction 
of Ennxm'a generalised thorny of relativity. This theory at pnaent seems to 
furnish the only lathfactmy basis far explaining the observed shifts of atari 
from ecUpco plaice. 

As la well known, the shift to the red in the solar spectrum, as demanded 
by the Em era* theory, has been continued both by Evxbshxd 1 of Kodalkanal 
and Sr Joan 1 of Mt. Wilson. The authority of their great names might bo con¬ 
sidered to have settled the question. However, the shift in wave-length Is very 
small, amounting to only 0,01 Angstroms. Tho whole question has ham treated 
fully in Eclipses of the Sun, T* Edition, Chapter XXI, so that it wDl be neceamry 
here only to stain candurians. Unquestionably, the wavo-lengths in tite son are 
greater than thorn in tho tmeetrisl laboratory, unquestionably, the chief cause 
of the greater w uM w-Jwngths f§ tho slowing up of toe ■frimir- rlnnt in the sun. 
H o we ve r, in ardor to axpbin the observed wave-lengths at center and at Hmb of 
son it has been nnrr wary to make ■evetHlamompticna regarding motions in the solar 
atmosphere, depending <m levels,-with the final result that there are left many 
minor differences in waw-kmgths far which there are no adequate explanations. 
As already noted many times in this memoir, the sun has a very axnpticated 
structure, with high tem peratnraa and low preaaurm and violent motions in the 
chromosphere due to convection currents. The relativity shift in the sun is ao 
■mall that it is difficult to be certain that p roper allowance Is always made 
lor oanditiaus that exist in tho atmospbaro af tho sun. 

Fortunately there ia another sun where tho relativity shift is twenty times 
what it is in the «nn. As already noted in Section b, tho remarhaMn work of 
An ams 1 at Mt. Wilson has furniabed a magnificent cmiflrm ail an of the relativity 
shift in rtm faint ww p j^ ntm of the brilliant star Sirius. 

*MK U, p. ltf (war). B W«* Nit Ac Proo ia. p. 63 (1®$. 

■ObU.p.JS? (ip23). 
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Hit 33 AbWdimfKL 

a) ttberblick, fiber die Fonchnngamethodon und deren 

HUffamltteL 

Binlottanf. Fait drri Jahrtnmdorte hlmdarch lit dlo Untergochung dor 
pfcyslidxxi Beacbafrnhelt for PlaMtm amchHaBHch anf dlo bloBe Betracfatimg 
im Vm n inTirnknlar engOWiflOen gnMBl HflUtB BtahfiQ dor Fcndmng Bllf dV —D l 
Getriete a. T. objekthro Verfahren often, die rich gegenaritlg ergtnsm und 
fcnntrdto an. Za dor hagebrachtoi vimeOen Bnoharhtnng, alao dar Schibnmg, 
w—mg and zrtehm mg der BJniathritan anf etoar Hanitaachdbe am Farn- 
rohr, iat ala w irUuH eraa and xaverilarigaraa Hllfamittel die Photographic bfawn- 
geknmmen. Die Photometric ndt ihrea vkaeDen, pbotngrnphlarJwn and Hcht- 
alektahchan Verfahren g aatattet cine genane Verfoigimg dor Haffl g fcdt in flow 
Ahhflngjgheit an dan Ahatflnden and dem PhaasnwinlaM, anter Umett ndffi ancfa 
von dar EutntknaphaaB. FlichenhelHgkrit, Albedo and Farbo rind beaUiuinbar. 
Andonngen In dar 7 i f ,,m i w " i f I w iTT g i Goatalt and Grflfio dar Laftmolokflle an£ 
dan fremden Welth fl rpera Abwcdchangan In dar frdi^lngwij grfnr iii dar 

zaflekt^erten Ltehtatrahlan, die pobdmetrladi meflbar afaxi Dam Spektroakcn, 
beaooden in agber Varbfadnpg mtt dar photographlichgn Hatto, nrmflgticht nknt 
tttit dm Untenndmng dar lichtqiiilitftt in being anf aU gamaina and adektive 
Aha o r pt lon, aondem B ea tfanma n g an dar Rotarfonadaner Hnrdi Ver wetting 
dea Dopplcreftekhs. pi* b o i am a t 1 l a ch e n imd thennoafaktri a c hen Vwfnh mn 1—i 
■rhHrfltirii dnen TOnhhnk in die Energfeknrve der xafiektlerten Strahtang der 
Planetcn. antar Umattoden aogar der Elnadtdle Direr OborfULdum so, Wonua 
rich antar Zagrandekgmg dor Stra hhmg agaaata B iarndflarige Schlftmo auf 
lexnperatnrea ■bfam liman. 

Die Bllf db—n raTnrlgfkrhun Wwgwn e rf cn ch tgl EhuriritBII bwfr wffan atstl 
nor TH gwuduf twi der Sdriddai, die die Strahhmg refiaktleren, bwUhwi rich 
demnach nor in bwwn d er eq FlUan, wie atwa bo! Marker, bahn Erdmoad and 
vieUdcbt nodi bri den bbdiwn FLanatan, anf die algantHdia Obcrfllcbe, Von 
dan groflm Hanetan rind an phyrikaHarhen Dataa nor Darofrinamer, Mmk 
and Dichte abldtbar. Der D aidunem ar nebat ertL Abplattang ergfbt aldi aua 
Oknla nnca a nn g en in Varbindnng mtt dam ana dar Bahribewag o ng fejganden Fnl* 
ahahmri, die Abplattnng inch ana Stfirangan dar atwa. vwbandanqn Trabantm- 
bahnen. Pie nonnaia Sri a ffltnnb ew egun g odor die Stfirangan. die der Hkapthfirper 
anf benachbarte Hanetan oder Knmetan tnsflbt, ffihran anl dte Mama and In 


f 
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VerUndnng mlt den Unramn Dimeoaiooen anf die Dicbts, Dio Do rcfamoT nnd 
wnmifr die Dichten haben allmding a snr Voran—otsnng, der gchcfab e i B 

TTmHB dal Plane ten dnrch pi no atmoaph&riacho HflUa nicht w eaentlich vargrABert 
wird, 1m flbrigon bernhen ale anf n> richeron Grundlagen, dafi an Ihnr Zuw- 
Uarigkeit edn ZweUol nkfat inflglkb 1st 

Ura anf dLcae Konstanten acrwio anf elnlge BahncLomente der Planotea stets 
sarOckgndfen nnd sle m tercinudor wsrglricfaen zn kflnnen, rind in der nseb- 
■fnhfmAm flW drh t die Haaptdataa vardnigt. Die rinrigen variahlaa Elanentc 
dor Lists, Bahniwrignng nnd EnantrlritAi, rich anf die Epochs 1925,0. 


ULnlga Eleraaate, Dlmenaionen nnd andore Konateatan dar groBan Planotea 

and das Erdmondea 1 . 
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Die Oknlarbeobachfung der Planotoi am Fomrohr hat rich els beqaemstee 
iTn faravil in ii « virh liTBn Us In die letzta Zeit hlnebi erhalten nnd mufl sam 
graflen Tell die acl i wlerigon, oft aogar flberhaupt nicht aasflttirbenm Mi—nngnn 
an Faden- nod DoppriHldmlhrometeni er a r tx en . Warden in rine vorgearichncte 
krais- hsw. dUpeenfOrmlso Bogransung cUe anf rinem Ptaneten beohachteten 
Etnaelhrfton nach dem Aogemn&B dngotiagen, ao kann die SUsb nr nach- 
trflgUchen Ableltang der relatftvcn Lags der Prairie anf der Kegel hsw. anf dem 
Rotfltianeefflpaaid fin Moment dor Beohachtnng itienon. Doha macht rich der 
Vartofl. gdtrmd, dafi mlt alkdidgar Anmahmo doe Erdmandee das Nets der 
LAngen nnd Brdtcn in strong paralldbr, arthographlachar Projection onefcalnt, 
dem dnfanhn Regain der Reauktion sngmnde griegt warden kflnnen 1 . Dnrch 
Ihn Anwandnng warden In Vcrtrindnng rait der Zeit dor Achaonmndrahnng 
■Tin Pnnkta elnar Flanatanachcibo nicht nor nanh JJng a nnd Brahe beedxmnhar, 
aondom ea la—on rich dann die porapektlylachan DaxatoIlrageD betietdg ent- 
senon aowle In sndere Projsktlon—irtsn tibe rtragon, achrinharo, dnrch dk 
achrflge Slcht in den RandgeUetsn hcrv oT ge n rinpc Wldsqridie mlt frflhcren 
nnd apAtoron AbbUdnngen JdAnm, new. 

Die Kodak tianen alter phyrischon wio astromotrlachon Boobadatdngen anf 
Planeten warden aahr woeontHcfa dnrch Ephemerlden arinlchtort, .wie do 1m 
Nautical -Almanac mid In der American Epbemerla fartlanfand sa flnden Bind, 
pio botreffendon Tabalkn, die neat A. Maxth nm 1868 in dan Monthly Notkea 
dngefflhrt hat, anthalton IfitteUangon fiber lichtsrit, schdnbaro Helbgkrit, 
DarchmeaBor mid Pbaao. Dio Lags ocr Fhmetenkngel snr Ezdo wind dnrch An- 
dog Pori tkcsw lnMa der RotatlansackuB, dor pimntnw rtrlarhan Krdkoordl- 
nifim nnd der ehar pIrfH r hi lar Ji ar S bllm (lorcll don dwm Be- 

obachts m gnWhrt en Meridian gakamsdchnpt. Znr Berpdmang dor Jihree- 

1 Kaoh dem Handbook far 1935 dar HrWah Aatn— osl A— do. 

- i VgL a. B. Lritfailen dar Kartan— t w iirM a h ia L I ri pri f 1899- 
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Sap. 4. K. GU>r: Die phyrinhe DttiiffiTWt dee Fluetanijttese, ZIft. a. 


«4+*wi, TWm Mnr>fUi such da Lags mid Unge da Schetton, dicnm HchUeBHnh 
die in den Ephamriden enthaltenen planetnacntriachen Sroncnkoardinaten, 

8, BerecLnimg der planetngraphianhen Hilfadefam mid der Achanlage. 
Dte dmch die Angiben der Epbemerkkn xahlmmflfflg featgelegto orthographiachc 
Prujektinn dee kaxtagrapfalachen Netsa dues Hanetan anf die Hbnmolaflflcho 
jflflt atefa jedszxdt berechnen, warn snBer den geozentziachm iqnatarl&lcn 
Komdinttm dee hetrafienden Weltkdrpen die Lags dea Pnnlctea am Himmel 
bekamxt kt, tmpIi dem der Nordpal Aetna Rntatjonaachae binwdat Ea id 
a, B. in dm areuentrkdien Drdeek P A , P u , B der Pnnkt B die StaQimg der 
Erde vom Man ana geaehea, P A der ndidliehe Srdpol, P u dor on ta proc hendo 
Kanpd an der HlmmekaphlrB, A die ~ P"V*-°— ^ ndrm i D die DekHnatkm dea 
l elste ran fftr die Beobacfatungaepocha; farner a nnd 6 die geoaentrlachan flqaa- 

tmjilwi lf«Arww» H wtwn | nmrrl f 180 °~}-A Ttnd —<J die ■ Marinin flqrm- 

torlakn Erdkoarrtinatm, V die arengraphiache Brette dor Erde fiber dem Mara- 
flqoator, C der ^ Nordendea der Marachae von der Tfrdu aim 

geaehai, gexflhlt von NcsdeQ fiber Oaten, achliafflinh C der fftr die Boatinunung 
der geoKntzkcben HotaHonqphaae dea Haneten wfchtige Fotwinkal da Erdo, 
so dnd in dem erwthnten Dnieck (Abb. 1) aHo Selten und Wlnkel dwflnicrt, nnd 
wir exhalten 1 : 

coa&'atnC — — comD An (a — A) 
ccmVanC ■*» — cneDrindcoa(n. — A) + alnDcoad 
shy — — cnaDa»dco 0 {* — A) — alnDalnd 
coa&'iinC — coadiinfa — A). 



Demit, d. h. mit da Beredmnng von V, C nnd £, alnd baelta alle Daten 
gp vmnp tn, die aa Beredmnng trnfl geometriachen yaWwmnj dea orkmtiertan 



Abb. 1 . Itaa plaMtaiiafliiBha Abb.1 Kmtnktk thum artbcKrst&fcahai 
HeupCdxalack. Tiw p n. mui QnUnMiaa 


des Haneten in do em bdfcUgen ttneaen Mafle, ao wild in da Projnktion bd 
dna Klppcmg da Engel urn den Winked V daAbatand da alchtbuen PotaP 
vom Mttripnnkte M da krekfikmlgen Umrlaa (Abb. 2): 





ma. BmafamDi dir pinatDgnpiikDboQ BIlUitH dv 


5* 


Sniiwi T fflm ffh* die Bnrite h myi Hun iingwin n|p n)f hM l—F gegan <!«■* Ifl ttd - 
wiwHttin die ProjektioMcflipeea gwridroot trerdan, ao lam sich ana dor Flgnr 
fttr dun dano rt^ B witankpria die Betlefandgon abloom! 

Jfff-yrinftcoay 

graflo Acte* dor Proj.-B311p» - iaai 
nofaa M — irin^cnk 


wnfl fftr Hwn UngBlhdl 


tgy — rini' tg{l— V) 


grate Aolaa dor Proj^ElUpBi ~ $ 

atm l( „ »«cna / da{/-'0* 

Hkrbd bst y der Wlnkri, der von decn Mlttohncridlan UP mlt der groflm 
Achae der ProJektJooaeUlpae getaDdet wtrd. 

Die qr thographlachm Formeln goetatten eln rig nada «nH flbtri cht* 
Uchea Arbelten, beam den bri Anwandnng doa Recbenstabes. TabeDan fftr die 
orthagrapHacho D&ntdhing drier Plgnetcnachdbo fftr Achaenndgoiigm bis m 
25 0 hat K. Gbatt mUgetdlt 1 . let daa Nets fftr doe gegebene Ndgtmg V mlt 
den etwa vm 50° *o 30* fcrtadnritenden Brdtenkndam nod IferitHanwi goo 
metxiach ricbtlg konalrul at and nech deznFaritkmswinkdC, da wle ftbUch van 
Narden fiber Oiton geslhlt wild, arientiert, ao antapricht daa NetsbOd genan 
der im Femmbr Plmefcanachdbe and kum xnr Aim wu lung der boob* 

achtntm Eimelhaitm nacfa Lflngo nnd Brrite Verwendnng M*"- 

lfan wbd zdcht ftbcnoben, daft daa game bhhwrign Bcrechmmga- tmd Ro- 
rlnVfL n w r f ahri Bn anf der Kwintnfa dfiT Arhunlng n del PllDOtm im Tgamn, 
d.h. «trf rW T?wVtfiwwn«U»i nnH TVVHnn+inn —hn* Mnrrtpnh am TTCiniiiri, twrnht. 

Die AbLeHung dinner Koonttoaten ba d to t aber keine Schwlerkkritan, da dafftr 
nor die Umkabr daa ana Abb. i ahgoldtcrtcn Farmelayatema (A) erfordorikh lat 
So laaaen itch die Kmutanten A tmd D, da V tmd f ala ach we ie r beatimmbara 
GrflBen fartfaUcn, achon ana awd g im e e a m cn Poritioniwlnkfiln C d a Achae 
haw. da gerndUnlg wichHnenden Mttflhneridiani da Flineten gegan die Nod- 
aOdrichtmig ahidten. Da die Logo der RotadonaaduB bd Man dumb die ndBcn 
Polflccko, bd Jtrpitcr dnrch dlo Abplatttmg tmd bd Satnm dnrcb die Smkrachta 
anf der groOen Acbao der Ringprojoktlan definiert lit, b er rite n die Mfnngwi 
vaa C prakdacb kdno ScbwiengkdtciL 

In WlrkHahkrit wird natftrtlch die Boredintmg vm A tmd D jddit ana 
aval Fadthmswinkrin vargononimm, oondern anf dam Beobacbtangmaterlal 
mehnrar Oppoddonen anfgebant. Wle atria In aokhen FlUen, geht man dabd 
von rlyn DH fer ennm Beobachtung mlna Rwhnnng ana, d, h, yod Wertan iC, 
dlo rfnh dnrch Vargldch dor Mnawnriffpn mlt doa ana den gmlhstan Konatanten A 
tmd D ahgoleltotpn Eodthaswlnkan C ergeben. Verdnlgt man hh GJddnmp* 
rattan (A) die oaten beidm Auadrftckfa tmd d iffagrt Uert nech den VariaMen C, 
D tmd A, fllbrt fernar ear Veralnfaditmg ana Abb. 1 on StdQe vm a tmd 4 dm 
Pohrlnkd f dor Brde eln, so obfllt man 

Jede Abwtdchung 4C van dem mlt A tmd D ala Aogang berodmeten Wert C 
infbt FehlergMchtmg von der dben mltgetellten Form. Hire Geaamthdt 
wnd nach der Mothode der kWnetm Quadrate ann g e g H c h en tmd snr Mj a tam g 
der vahrachelnllclHtoi Warte dD tmd dA veretadet 


l Bnihelhn a B. in H. Bnnura Ait rtenmfa o tem Harilbadh, a. AnlL, & 155 OSBfl- 
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7nm Vergjolch mit iidlachen. Verbiltmaeen, lnabeaoodm mlt dam irdiachan 
JabnirltrumrlMinl. genfigen die berachneten Baton noch nkht. Sle goatathm 
■ber aafort die Abldtnng dor noch fchlnnden BeatimimingmtOckD, warn man 
do mit dor Sdriefe dor Scdeklipttk nnd dnlgen Bahnolementon des Hanetcn 
rachnerlaoh in V«Wndimg bringt 

Verwanddt ™n dur di Anwendnng dor hfinflgaten ephAriach-eatronooiiachen 
Anfawhw mnOchat A und I) mit dor Schiefe dor Erdachao In die entaprochondon 
J, npd B, ao erhAlt mu in 


die Nd g on g I jlan iq natan go gan die EkUptik **nd fn 

2?-90° + i 


die Llnge adnea Mxfatdg e n da n Knotena anf der letxterom Damlt warden, wenn 
man nodi die Ndgnngtf da Wnyhalm gagen dleEkHptlk and dioUbigo ft ihrea 
anfatdgonden Knotena oof der Ekltptik hinamdeht, olio wkhtdgan Stfickc in 

dnem sphideeben Dndeck 



Abb. J. Zar Abkttng der 8tbkk <kr Fkakanaldlpdk. 


(Abb. 3), doe 
EkHptik, Flonetanbohn and 
HiMtadflMior nntsratn- 
under etnachHoflen. Dtnxh 
Anwendnng der Nz machoa 
Analngion erhAlt man ana 
fhm mit Hflfa von 1? — ft, 
J nnd i den Bagnn Q der 
Hanetonbahn xwkcben Ek¬ 
Hptik nnd Planetenflqnatar, 
aowio die Nelgnng r xwkehen. 
Planetaiiqnator nnd Planetenhahn, mit tnderan Warten die fftr den Jnhiee- 
adtonweehad wkhtige Schiefe der HanetenekHptik. Der Bogen Q kt wichtig 
fftr die BcalJmiuung dea FriUdlngspunktee dea Fianoten, der offanber In dor 
hcHo a entri a c h cn Bahniinge Q -+• ft an aoeben 1st. 

Von den pUnotoaontriecben Koorrifnatm der Erde hot bei den Rednktbnon 
mzr fhr Wfnk e lab atand V vom Plunetenflqnatar (pUnetaaantrlache DekHnatkm) 
grdfiora Bedmbmg; aeine Abkritnng lat achrm im Formel ayat e m (A) entbalton. 
Dage ge n alnd noch fftr efle Beleuriitnnga- nnd JalmeltenfngBn boide Sonnen- 
knardinatea van Wlchtigkoit Sic ergeben aich ana der boHcaentriachen llngu 

and Brdte l a nnd \ doe Fianoten, die 



in jedem grftfienm Jahrboch entbalton 
■fcnd, dnrch Betradhtnng dea recht- 
winkfigen heMoaoct r k c han Drdecka, 
dea EkHptik, Balm nnd Lflngenkrria 
dea Fianoten bilden (Abb. 4). Bier iat 
winflrh a t der Bogen P dec Phmcteo- 
bahn awiaduxi don Ptanetenart nnd 
dem onfirteigenden Knoten ana 

dnfainP mm abii, 

coaP —coa^coa^— ft) 


ahWtbar. Fknetomntriadi ataflt dann P-Q die Idnge der JSmme anf der 
Fb ui et onridi ptik in dnem rechtwinkHgen Drdeck dar, doa von Hanetenftqnate, 




ZUL 3, AnwandimgdwPidaiimatda, Photmnetrie, HatUometrla iiod Spaktnakzifio. ^ 

Hanetenekliptlk nnd Standcnkrela dor Sonne gotdldct wird. fflw rind die 
SoonaikDGrdinataii a tmH i lwtimm t ^ unj i 

tg«— tg(P — Q)co*t 
rind — rin(P — Q) rinr. 

Verdiifachangaa bio ten rich dabei dnrch die Tatrache, d*fl i boi alien oberen 
Planoten 2 1 /, nlcbt tibe niri gt, der Bogen P also bd viorstriUger Wwrhmmg 
gkdeh Jg — ft geeetxt wordan dart. 

Zn den plane tngr nphtarhnn Atdgabcn gchdrOQ. pnrh TJn fatirwuK ^ m m nng wn, 
die dnrchwag un geechiixton odor mikraraetriich gemeaenen Durchgflngen too 
F lecken daxnh dan achninbaren MHtrimeridian dor PUuietanacfadbe ■bgeidtot 
radon. Hat sn dnar Zdt fg bd dom Pohrlnkcl £g der Erda der NnUmerldlan 
die Schdhenmitto puriart, bo lit, rain T din Zdt der Anbaonnmdxdriing be- 
ledchnot, 1m Moment l bd dam Polwinkel £ die TJtng n V dec MfHrJrTiwrWtiQw * • 

Bd dar Faatlegung dor Zdten t nnd ig 1st n beach ten, diB ria fOr die lioht- 
gkddmng 1m Betrago von 

f - —B* 308 A 

v ar bcMert aaln mflaan, warm A dan Abrinnd da Planetan van der Erdo in 
arirtaimniadian Klnhdtan badentet. 

Gfuu knn irmfl noch die Pbuenborcdintmg gatxdft warden, der x. B. 
bd rilan photomotrlacben Anfgabon dna groQe Badentnng rakommt. In dam 
oboocn Drtdeck PES (Planet — Erdo — Sonne) Hagt der aog. Phaaenwlnkcl bd P. 
Kr cmtaprldit plmnctaxentriach dam unbalandUntan, von dor Erdo ans flber- 
hlkkten Tall der Phnetwikngri nnd lit dnrch 



gngoben, warn 

• - _R + r + A 
° ““ 2 

gaaotst wild, R nnd r die Radienvektonm van Enlo nod Planet bcxddmon nnd A 
win vnrhln dan Abitond Erdo—Planet bodentot Mlt der Grflflo ]Mit dor Botrag 
dor Phan bestimmt. Wagon der Berochnung tparioUor Dated, x. B, der Lego 
dor Hfirncdlirie sur Nordrtdrichtnng nnd ram Lfingamietx da Pbrnetm, muB 
xnf die adxm urwflhntnn trlgonomotrtadien Entwlckdirngm planetcgrEphbchar 
Farmoln 1 vurwimm warden. 

B. Anweadung der Polartsnetrle, Photnmatrie, Radlomatrle nnd Spoktro- 
akopie. Die plutdcnotrladien nnd Bpektroakopfechen Appamta nnd Mathodcn, 
die xnr Untermdnmg dor Hanoton dumen, arfordeni koine baondoro Erwflhmmg, 
da ria dam anch met flhUchca Aibdtavarfxhrnn angopaBt warden. Pokn- 
motrlacho Mavungaa rind ant In nooarinr Zdt mlt Erfolg anagefQhrt warden. 

Thm Vui mirliUdg iiTi g in fr flhit M Twlfam lot Hamnf mr ftnkim f flhrwn, d«B gjg 

Utaren Inatmraante ram Nadhwris der garingnn Prorantxahlm pabudriarten 
liditM, wla rio In dar raflaktiarten Planetcmxtrahbmg v or knennen , ykl ra tm- 
anmflndHdi wnren. TatiidiHeh baben fcogaiflber entgagangaraUtou frflharcn 
. Mnfmmaan 1 J, J. LamdXeek nnd tplinr P. Salxt mlt dam SAVAKlkcben Potarl- 
■kop bu 1906 nor featateflan Utmen, daB daa PUnotenUcbt fan wwwntflchnn 

1 VgL Fmflnoto 1 oa( EL 360. 

1 F. Axaoo, Fopalan Aptruuunie Bd. 4, B. 110. Dettaobe Aoaphe mHaakU(iafiJ). 
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■Is nat&riich ansosehen ist. Kin etwa 10 mil empfindHcheree, glHrlwdtig fftr 
gwnanw ITi — nii£ri 111 dngerichtetea Polsximeter B. Lyot 1902 konetnuert 1 . 
Es 1st flhnHch gobent wie del SAVAHjache, aber wramtHnh Hditstfirksr, so daB 
noch Betrtgo Ton polaridertem Licht enter 0,1 % sicker bedbachtet tmd 
g e m amen warden tu m ii m , T^nwin^ gestattst es Angaben darflbor, ob dlo Polari- 
■nripn Mokrecht odor pulld snr Piff nslo Di ebciie orfolgt Bel Mood" tmd 
PUnetenbeobechlmxigan bcaondcrs wichtlg 1st dio Feststallniig des FoladsatlooB- 
maximonifl in seiner Ahhflngighedt vom Instdaoswinkd* da darens durch Ver- 
ghkh mlt dem Verbal tec IrcHscber S obstansa n SrhlBssn anf die Stoffo gcsogon 
mm dm h H n nwij die flTT f fr emden Weltkflrpern da s XJch t reflcktinrGn. 

tJberana bedentaame aa tnyhysUnUadie Ftagen hiiflpfen sich an die Tero- 
peratnr der Plamrten, tmd es nat achon vor 1900 xdcht on Veraochen gefohlt, 
thocretiach begrftndeto Ziffern dafftr so erbalten. Die Altesten vonkhtlgon An- 
deutimgen* (C. A. Young) geh en yu m Qaadrai ^ gnmwma iit miiiM 

>«■ l nhna Yamal song oder BerQctadcfatlgang irgendwulches' physfltnHichar 
Higenechaften dor rafloktienmden Schlchten. F. R. Moulton eridalt s. B. In 
da: Webe genlberte Werte, dsfi v dnen fan thennbchen Gkdcbgawicht hnflnri - 
Hr4vm Plin^ fam ■mnhm j dflT e beiU PV l fll Kivnrg fci aOSBtnblt Wifi AT nnfnlmriit 
und omgekahrt. Anf HUw Gnmdlsge troim d u rri h Vtsgkrich ml t der Knlo die 
Temperatnr nach dam SnEAumchen Geeets abgeechAtxt warden. Ist T, dio 
ratttlere absnhite Eidtemperatnr fftr den Sminmiih afauid 1, so ist die FUneton- 
texnpentnr T im Abstande r gegeben dumb 

r-r.f£. 

Bei den spAterm Aibdten worde wenigstme anf die daoelle Albedo Rflckakibt go- 
nammea, eleo nor mlt dem dim Pleneten verbldbendm Betrage der in pal 
aoagedrlLcktea S onneMfai hhmg gerechnet lit 5 die irdbcho Solartamstante, 
r wied«r der Sannenabatand, A die Thlrianhn Albedo, a die Streblangskonatante, 
so lontet der Aneeti dee SnYAmcben Geaetsee 1 : 

Nacb dleacr Forme! kflmmn fftr aQe Flsneten,.fftr die A bekannt 1st, effnkti yp 
T emp eca tor en berec h net warden. Da in der Reibe gewiseermaflcn ale Anschhifl- 
kftrper ancb die Krde anftrftt, wird anf diea e m Wege wudgstena dn enter 
iftnhHrfc- Jq die thermiachen VerfaflltniBBe der flaneten erbalten. 

Bine weeentUcbe E i w d t eiuu g tmd Vstidnng hit die Anfgabe dor Ten> 
in it nming de Wnwfwi tfaHmtji erfshrm, daB ee in den JqIsbq 

mflgUch gewocden 1st, d n en Tdl der FlsnetBn 0 trahfamg nrit den grnBen Spiegol- 
tekakopen elnlger amerikmiscfaer Stetnwarten (baondera Mt Wfison und Fkg- 
staff] OD SO —mnmln, dlfi Me mlt TTIWa ^nn T TunTnnal m nwn t Pu i DBCfagewieiCn Und 
an den Atonchllgim dnea Gmhranametoti g uny i —n warden hum . BesflgUch der 
KiMriheiten muB anf den eraten Bend dlenss Werkee verwlesen warden. 
Hier ad nor bemerkt, daB das themiat^irtrfeyrha Varfahren, daa g ege n ftber den 
Bolometem den Vor xng gr flflerer Khrferiihdt hat, nodi mancber Vervonkomm- 
xxtmg atdg 1st E. Pjrrm tmd S. B. Nichdubon geben s. B, an, daB mlbst in 
den empGndlkbsten Vaktmnadlen nor 4>5 * 10~* der ymjfangimiwi Gemmt - 
atrahhmg in e fck t ria c h a Energle orng ew a ndett warden. Da die LAptellen der 


1 BSAF 3S. 8.102 (IQMl. 

• ObodaU bd F. LowS, BA Si, &445 (1907). 

1 VgJ. J. Haw, Lobrtnot dm MWanninsto, 3 . AttA,, a *7 (1915). 
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mlknakopiach kleinen, 1m Valcmim mrtmgebrachton Apparate skh bU anf cadger 
all 0,1 Tmn Dnrchmener rodudaozi Ibwd and nor gyring" Telle dee Galditi- 
feldm Yordbcken (Abb. 5). lit ea mflgHch gewuid en, nkht nor die integrierte 
Strahhmg dna Hanetan, modem in gfizntlgcran FUlen aoch dJeferrige eirariner 
Tefla seiner ObafUche co men . 

Zor Theorle der Tw n|w ra hmTww mg rinriVW anfler li dlacher Kfirpv ad 
fal pnAw bemerkt: 

FUlt Snmvmm tTBhhmg, dmi Hanptbetng bekaxmtHdi mhr nahe in den 
Groom dee dchtbenm Spoktrom* edngeechloem 1st, aaf «Hn*i Hanetao, eo 
wtrd dn Toll nngeflndot reflekitart, dor andore abeorfchrt, d. h. in langwriHgo 
oltraiDte Strahhmg nmfewandelt, die 1m V«rin ndt der IBgenwta™, ds Rfick- 
stnbhmg der mehr odor wwriger all „Glnihan» H wirkendm Atmmyhare niw. 
dun themdadum Exterglovomt dee Weltkftrpera dantellt imri ■iMn fflr die 
Tamperatorherechimiig venrendet warden dart Dieao Hmetenatrahhiiig lofit 

von der reflektierten Smnwa H riihuig trannen nnd d*m Betrago nach 
tharmoolektrimh In der W«riae amdtteln, diB man in den Gang do* Lteht- 
atrahlnn ctn ndjathcrmanca Filter yon bekazmtem AbeorptiaaakDeffliienisn, x. B. 



iHnw a cm ftif»yp^ypffwr-nfWf^ yrTHTfph1fji f t winriml tM (Ahh.fi). Dadie Vftknmn- 
■wllnn do r di Steineal*- oder Fburltfanitor ebgoeebkamn rind, die fait die guue 
Ttr Kw^ lwf m hlnng nlmw Vaehiat Ttfn«hinnn ; argeb en die ifiaiiTWim dee Thermo- 
olfakta der Flaneton ndt mid nh™ Filter daa Varhiltnii der Wuiendlen- nr 
Finadt- bxw. Stdnialctniiimluioii. Die nxflcktJerte Sonnenatruhlung lit Ibrem 
Botngo nidi von Grflflo, Abstract Albodo and numnwinkol da beobachtetsn 
Kflrpen ahhAngig, die Flanefamatrahlimg tafierdom noch Yen der nffnktlvoi 
T e mp ormtnr nnd A™ Bodoiaiawmfigan der Oberflflche. Zo. beach ten lit 
natfidicb, da£ dna gumm u m n Vadjl tirii dor l( dnnklen" nr „Hchtsn >< Stnbltmg 
dumb Inatrumontalfehlor end dnrch UngouidgUten im TrnnmrH—1/wiAnwffl- 
dentari der irdieeben Atmnephflre bedntrtchtigt wird. 

Dio gmndlegande Formel far die TBmper&tonbleltnDg 1 st too EL N. Russell 1 
angogoben warden. 

fia sol im Sum der Abb. 6 S der Being der nrflektiertgn Sonaowtrahhing, 
P der Betrag der endttierten Ptanetenatrahhing, f end t die TtuamUixt’ 
koaffliianton der Atmosphlrc nnd dee Xnitnimeniii Iiiiimi fftr S end P, to warden 
vom Thermoelement biw. dessen Gatancmete zogiitrlvt: 

dnrah dn nnadtbatel dur oh dU'WeaenaDai 

«* + « o&$ rs 


i Aimfekrilch eetwtotalt bat D. H. Mum* Ap 7 58, B. 65 (1923) uod S. 8 mwn«i, 
Flip. Z.26, B. 870 (1925) *nd Brpho. d. auk im flOsnrta. 5. (lflStf). 
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wobd 0.695 dm m der WameneUe dnrchgelaaamMi B^tragda-Hcbtei Strmhhmg 
(nach W. W. Cobldtj) bedetitet. Die ZeDentranamWon fPlftrdunldo Strahlnng 

I_L J._ 


let dun 


and 


« 0&SfS 

Wmm tP+7S 


tP 

75 


0*695 


-i. 


1st mm « die sctalnbeie van Kmpfftngor, abo der LatateUe dee Tbenmfr- 
efen»Lte, bedeckte Fliche dm Flajutenbildes, e aeln loknlm Emlmjmia- 
vennfigen, a die Bounuxindie Kffltftante, ao kann fftr P gaet»t warden: 

P-aetT*. 

Zar Anttrihmg elaer CmBdien Qdchmig fftr S soil aanBchat angmo^en 
werden, dafl die visoelk Albedo in alien Phaaen achr naho der Eneiglealbodo 
entsprfcbt Sie 1st daim deflnfaut dureh 

A - Pi ■ 

wo P die sffcftite&e Albedo in der pgenwflrtig aUgemehi angaDammenffi 
Defhdtkm 1 and f etnaa van. Phaamwinkel a bbfln gigBn Patter bedeotet Die 
7mM * 1st ok das Yerhiltnis dec bd voDer Phase reflektierton Strahlnng des 
Planeten nr Stxifahmg einea aribadeoditenden. Kflcpen glelchBr Grftfio anf- 
mfmn von dam jedm whwhia OberflfleheDekmant gcoan die gkdebe Energio 
anaendet, die ea bel ■wifawhbr Einstrahhmg von der Some arfcOlt Dleasr 
Veigldchiktkper besitzt ^ die Albedo } — i. Nach Einaetsan dor Solar- 
nnd Boun» int -y , i f | ^ M l t " erhfllt man fftr die Teuiperaiur dleaoa Idealen Stxahkra 
im SpnT ywH*«id r die Glekdmng 

dnmnach ^ ■ 

T, ~7f‘ 

Ea ad mm 6 die Oberflftche dries Planeten, ao 1st die reflektkjrtoEoargie 

bd roDo- Phase: aipT^, bel der Phan 

Danicht die voHe Oberflicfae 6, aaodern lnrilgflch dn PTnhmeiwnmit e beobeebtet 
wird, demon FUrimMHgkrit xefb g ueUt warden kann, ao kt 

S-aexlfn, 

** nit iP 7* OA95 4 

75 " Tf TjrTf " “17 * 

ElrrigecmaBcm sicber bekannt dud as! der raditen Sdte dor letatan GUcbnng 
nor A, v* TmH q, Fftr die ■n iW wn Grftfien mflan Annabmen mrdon, 

(tin dch in yip ( ff iy n ^rfhti df Wi lamon. Die jFattonm 

in der TenmetafangiridinTg ataSea f and t dar, da after bur die viarto Wnrael 
Hum Quodenteo in daa Kesqltat dngeht, kflnim ale dleam nfcht ffinaorlach 
nmeberu 
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Dio Vor mullin g der Albedowrte irdnchu Goatdne 1 bel dor photometriachen 
Untorrochnng der Weltkflrper bn Sanuenayatam Hegt beeonden nahe, die Datnn 
slnd abar selbst oaf dan Edmond nnr mlt Vanicht anwcndber. Bd den Planeten 
lit nchon <trfnlg n der Kldnhd t der 1m Fe mr ohr sichtberai Schdbcheii, infolge 
der utmnaphi rlThffi Strarang torn, ateta nnr dn Mkcheffokt bestiminbar, der 
fad non ahidandgan Vcrgkdch snlflJBt, .wfihrend anf der MondobcrflAcbo die be- 
amdat e Strnktar dee Bodeca dlo Featatdhrag dor Verwandtachaft ndt Irdhchen 
Station orach wert, Wo die HflgUchkdt dorertlger Unteranchungen vcriiegt, bitten 
dlo Mi imim in. dan hotrtigen Anfordarnngai e n t ip redumd, ipekUelphotamotrkch 
*n erfolgen. Ferner 1st daranf sn nobtan, dafl fttr die T.ahotatorimnsvcisiicho 
dlo Albedo -Dcflnttinn (geomotrkche Oder apblrlache Albedo) balbehelten 

wird wlo bd don Miramgen am HI mmol*. 

b) Die inneren Planeten. 

4 , Merknr. Ala w win de r imH tiir Srmmi nflehater Kflrper u nae re s Systems 
btetat Merknr der phyalachen Unteranchnng anfierardentBche Schwierigkdtan, 
und ca 1st dahnr yorllnflg werdg wahrachdiillch, dafl man in sbeebbonr Zdt 
dnrch direkte Beobachttmg der Hainan Scbefbe irgoadwdcha snveriflaelgen Dates 
fiber den Planetcm gowbmen wird. Der achdnbare Dmcbmemor ainkt xwar ide 
nntor 4", 5 horab, bo dafl nach den Erfahnmgen bd Mara die Bitamnmg grfiberer 
Slnselhelten ateta adn aolltp. Die St&Qnng in nBchater Nfthe der Sonne, 

die Phase and dlo Notwaxbgknlt von Tageabcobachtangen schBeflan Jedoch dne 
prtjdsere Antiaaaong des Geaohanen ana, 

Schan der Nachwds etnas botimjnten SotmttaugeKtxea, der Achaan-' 
richtnng saw. wflra wertvoll, docb kt os bk jetxt kdnan dnalgon Beobadhter 
golnngon, dkana Ziel au arrdchen Van neaeran Sdhen itnd die in aablrdchen 
Skhrai dedergolegtan Wahmo lmuingai anf den planrtngraphlachen S tadonm 
von R. Jabrt-Dksloqbb 1 * so nennon, von literal die Zdnbmmgcn G. Schupa- 
ma.tjm. Lotxtercr kun adiHnflHrh an dor ’Obenengmig 4 , dafl Merknr ndt dem 
Erdmond die Gkriohhdt van Rotation nnd Revolution teflt mid in 88 Tagen dne 
AchBemnndrebtmgvo&dcht, (Lb. dor Sonne ateta die gldcho HendaphAra sowendet 
Dioaar Aradcht pfflehtot bento kamrt nodi jemend bd. Da die langnunme odor 
ntachnre Rotation dnea mlt atorktr Phase bohafteten Planeten nch in miner 
Ttraporaturknrvo aneprflgm mufl, bat F. IAxzihaedt 1904 dne botanetrkche 
Untorsochung dor im tn rai' Planotcn wgeechlagnn*. Dleaer Plan 1st inswkehen 
iricht mlt Bofam o t em , Sandorn mlt den etwas wrnriger ampflndtkhen, aber be- 
q nemnr en Thennootonionten takAobUdi anagcffihrt wordan, bat aber den nach der 
Scrn APAHKttJBchon. Aimabmo an erwarteoden atarken Temperatnnqpnmg an der 
lichtgnmic doe Merknr debt bcRtfltigt. Die von E, Pmrr mid S. B. Nigsqlbom* 
4923—1924 am graflan Hookcr-Spiegol dee Mt. Wflam-Obaar vatatam a ana ftaf 
gn t n mn hai Spoktrdgobietoa odadtanen Strahhmgaworte hum anf Tempere- 
tnren von +417* C balm Phaaanwinkri 0°, von + 3 27* C bd 90* imd von 
+227* C bd der Mdnatcn beobaebtetm Slchel, d. h. bd p —120”, achHaflen. 
Obwohl aa aldi dabd nra die integrlerte Stubbing dar ima Jewefla angdmhrten 
Maknrbfllfto handdt, darf ana den 73ffam der Schhifl gemgen werdoo, dafl der 
T bmpara tn r fl bg g n g vom Tage sur Nacht debt bo aebroti erfnlgt, wie do bd 

1 ^SSB hfai kimrtrk Bh e Paten bd J. Wxuna trod J. Branmr—. Pad Aatroph Ofaa 
PDtaskm 30, Nr. 6i ( 1909 ). 

> Yd. die Braakaiifn von L. Bu, Ap J 43, 8.19.(1917). 

• OhsorraiJani Am m n &a m pkndsM 1-4 (1908-1931). 

4 AV las, 8 ,an (1890$. • vnmm Bor 111 B. 6 W. 

• Pop Aatr S3, a 299 WW). 
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Kip.4. K. bur: Dfc Baadmflmbeit das FtanetmjitanUL Ziff.4. 


ohtf aabr lr ^ Hotatkm der Fall adn mflBta. WahrachainHch knrnmwi 
ak TJind rdmn g a ad t nnr Stnnden ods* h flc h atcna dsige wonlge Togo In 
Ftago. 

Die anderen B*djwVm geg an dna fangaama Umdrehnng, wio ala bd der 
Verna nrft finer venmxtlkh dlchten Atmosphln nr Geltung kramnan (Zifl. 6), 
dn A hd lftaW ddr» nwB gwhwnH, Aa der Planet wahriRhfilnHr.h kofcoc marklicho 
Gadififie bedtzt. Ea griit dlea ana vencbiedenen Tatmohen hmvnr. Gegmflber 
iW Vfnff dlaHflni grHpiti an brine beatmderon Amnnallm. Dtobddfcaem 

Flanaten bn vcr nnd nach den DnrcbgBngen var d a Sannenacbelbe rich ther e 
Amwniw fahlfr bd ahnUdim Gelogenbriten Her gflindloh. D m Ifa knrBpoktrnni 
kum ror USeang der AtmoBphflxmifrige nlcht berangaagon warden, da a dam 
In TTHhw an ^mnimnwim Mandapektnnn ebaolnt gldcht. 

Die Ahnlfchkrit mit dem Eidmood wird d nr ch endere Elgtmachaftoi, wio 
Albedo, Pbaaarfaktnr, nnd den Proamtats dor nltraroten Stmhhmg geganflbor 
der TOflekdateu Cilw in h nirirQli i beatfltfgt. Dio Ziffem fftr dlo Albedo (0,07) mid 
far die langwdHge Strehhmg awischen Bond 14/* (74%) rind fftr Matte nnd 
VrmA identlach, der Phaaanverianf nahe gldchartlg. 

Die an»fii'hTllph«fwi plioLtTingta‘t«ehenMaMngBn dcePlanetan hot G. MftLLEH 1 
In Fotadaxn 1878—1888 snagdfihrt, hanptaflnhHrh dnrch Anachfaaao an Vonna 
nnd Saturn. Ea erglbt alch damn nmAchot die Taiaache, dad du Mulrnmn 
Amt TTrfHg fcdi (— 4 m , 2 ) im Gegmsats nr Venn In klelnon IflnngnHnnrn atatt- 
flndet, ao daB Makar ala Abendatem am bd1a*»n lot, wenn er am ontan Mole 
dchtbar wild, nnd ala Morgmatem, wm wir fim am letxtan Male nrhUnkn. 

Werden die nimriimn HalUgkriten van dem Ein- 
fhiB dm r*d*-Geaetxea bafrrit, d. h. anf dlo mittlo- 
ren Werta too Hadhuvektor nnd Erdabstand 
r § mm 0,5871 nnd d t «-1 reduriort, ao erglbt alch 
Tmrh G.MOllkb 1 dor nnr nooh von 

der Phase ahhflngigo HnfllgkoUgverlanf dca Merkur. 
Die GegenfibersteUong mit dem Hondo, wobd die 
TMHgWt dee l ets term bd 50* Phnaenwlnkd 
(—11 »,33, vgL Zifl. 17) anf daa antaprochcndo Iicht 
dea Merton 1 (— 0*,96) rednaiert warden 1st, lflBt die 
Analogic awiacben d^n Bekrachtnng^afletian dor 
bddm Weltkflrper denttich hervortreten. TkMdiHdi atnd die Abwddnmgcn 
nriachen den PaialWrrihen debt grflBer, ala wie do a. B. in den lichtknmm dca 
in- nnd ahnehmmden Uondea (Abb, 23 ) anftretan. Die beohariitetcn Morkiir- 
hriHghriten lamen aldi In GrflBen dnrch den Unoaren Ansdrock 


p 

-- 


1tad 

50* 

-CW.96 


60 

-0 fij 

-0 ,70 
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-0 ,35 

-0 A3 
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+ 0 M 

100 

+ 0 ,71 

+ 0 M 

110 

+ 1 ,11 

+ 1 fi6 

uo 

+ 1 .53 

+ 1 .58 


f 8 —-l.io + 003679 ip - 5o°) 

gwiftgnid genua danteDen. Audi die van E, Joar wflhnmd der totalen Soonon- 
unatanla 1900 Mai 28 bd nnr 7° Pl wiwhi bil w riipHjwi phntr*THw H 4rhe Mw iuig 1 i 
fflllt in den tHww Fannd, an der viefidcht nnr der holie 

Wert dea hmstanten m 1st. Ana ■drwn Heanmgen wthrend 

dnea Anfenthahea anf der SBdbaTbkngnl der Bide land ntmUch f. Hofmann 1 
ala mlttlera mdosiate HaIHgkdt nor — 0*,71. D« PhaaonkoeSUent theeer 
Beobaditungarefiie entzprlcht mit 0,03582 wtiht nwTw Awn MOmaachen Wert. 
Znr Dauduuiog der Merknriielllgkett fftr d n*n gogdenen B wti m w tlfl r r 


1 Pabl A*trodi Ota FutwWm a, O 305 (1893); atqdi G.VOwn, Fto tc mdria dar 
CMItimi (1097)- am Origtoalwerta riad Uer anf dm HUrvazdavatan radsekrt. 

■ BdddbwgSfittMr. l (1901). 1 AM 218, 8.185 (!«). 




ZUT.5. Vann* OhtMifl—dsMOuliaa nnd Atmayham. Fnla rfnufihrtw lfii^an 569 

b*w. dto Erddbtan* A wftre an die UOiunsdic biw. HopuANmche Forme! noch 
die Abatand i v eitnu e u uu g in GrABarirbum: 

+ 51ob^ 

uiurabringon, 

Zn don violen Analogian ndt dem Erdmcmd tritt bei Meifcxtr hfl ch a t wihr- 
HchdnUcb noch due Gkdchheft im Faibenindcx hinsn nnd grafle AhnHchkidt 
lm Voriwif dor PolariBtloii iw rtilliiiino vtiueod der dradnen Lichtphasen 1 , 
obwohl dorflbor erst wedge Boobachtnngen voribgen, die noch kein abgachks- 
Konos Urtell solasen. 

K, Verm*. Obarfllohanafaualhsltan nnd Atmaaphlre- Polarimatrbcbe 
M—ungon Die Schwierlgkeitai dec Oberfllchanmtersuchixiig, die alch dnrch 
dto oi pn arti g B SteDimg etna* unieren Planeten snr Erde ergeben, tcflt die Vents 
mlt Horknr In volksm HaBe. Da ndt der nmurftlbhen vnllkomnanen Optik 
irgoidwolcho achfirleim Umrbee >nf dem Pbnetsn in dem ‘Dhlichen Shine mcht 
su crkonnen find, dfirfoi alb frOhenm, s. T. aogar eehon inlt den attest n icht- 
ndiromatlachon Fornrohren featgeftritten achArferen Fle cker ac hH nnnge n, Hflmff- 
anomoUon inw. mlt alba Folgerangen boa fl g Hrii der Rotatienneit (Cuan, 
UXAMCHtui, dk Vico) fibergangan warden. S lch er afrffaflbar iat am Oknlar nor 
(Ho Tatmchc. dafl der GUns der Fbnetanoberflftche nkht liberal! gWch iat; 
die moisten Boobochtor gbnh«n flberdDBtinnnend grane M«idi*n*trdfen. tmd 
hollo Polflecko an erkennen, die dutch Hire tmverlnde rii rhe Lap G. Schiapa- 
wwTT.r a cinrh In dU mun FaDe an der Annahme guffihrt hahen, dafl die Venuakngal 
in 227 Tagen, d, b. synch ran mlt {hrem dderbchen U ml a nf . rotioe. Durch 
ktinstllcho Nacbbfldimg der Vennaphsien an bed erleochteten Glpe- tmd Gtmmri- 
hOllon bat.jodoch W.Viluom* nachgewbaen, dafl die erwtimten Schatten- 
offokte nun graflcn Tell ala etn rrin phyriolngbcher Slndruck auftre tcn, d er 
durch das BckraditungsgOBetB glatter Kugeln von hoher Albedo bervo^erufni 
wirtl. Kino Tronnnng der roelkm Gefatide van den Sl rnraf mcb tmgBi in dem- 

nodi durch das Anga nbht so erwartm. _, ._ . v 

UofBoro Annkhton gewlhrt daa pbotograpUache 

«UJhanvonF.Qu4NlSBmindA.RoHDAJi*gehtrf^tmirbBvor^flnntBcdffQebm 

GrflnUltoni goto Tagcaoufiaabmen dta HaneteimmrirarabersaiteD® dnd^amdMii 
<1.0 u.ch (Moran Varfehnm bta trad uried* sdA SciittuimwBn rai d* 

.idcrwonliiBroriniichtetanSdnilliehBBiagabdtwcdenMlpngLNidiW.H^WMMji 

und F. E, Rosa 4 aind Ultravlntottanf nahin gi nodi gttnsdger. Sle b ntat ^ e n ax 
I tab tons von hdkm Flacks an den 

dun Nanhwob vrci rasch vcrflnderikhen. dunklen Strata, db in ^ 
nuitniAlSUdmn Aquatars anftrcten, ab« vtriinflg noch helne ^aDooeLeallm- 
mung cnDflglkdrt babcn, obwohl inatamdew db Anfaiatoen (W) 

uino fast ununtarbrochone Serb von 25 NAchfcan nmfaaaen. Zu beach 

aolcbe Aqddbiaiitei Beobachtnngen keinen dndeudpn 

Ckm llano tun, dk) nut dm hmtac 

oiimincn wurdon dnri*. und dto d« Albodo heH=ta«Wrtr Wdtomfijpow 

£ SSSSV'ffSW 

X Vri. P. 841**, CH 143. a U2S (J90p- J S^lSS?' 

I ™ In Pnp.^i.^6. 8.«« (<»»)• 

• iTj«. mW. 
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Kip. 4. K. Cmatt: Die pfrjdsdii BadMlMiMt 6m PiinotonryttBou. ZUL J. 


Venus wahmhtmrt, rod1 xmd ala Dftmmerang*anm sa den ten seln. In dan 
unterm Konjrmktkmai gr rffan anflcnlem dk Hflrner der Sfcbel erhcblich fiber 
die Bdenchtangspole Moans, bel benders starker Phsso (1898 Da. 2,4906 
Nov. 39) oder Iron vor den Darchgflngen vor dcr Soane let der PienetnnnnrlB 
eogsr ala bdler Vdlrlng xo erkemuan gewesen. Scbon J. H. MAdlxb bat die under 
H flenerv f ri flngerang folgmde Rofraktionakonetante der Vonnaatmoephfljo so bo¬ 
ndmen vermcht. Die korrekta Farmd ist merit van E.Neibon 1 nbgoldtet 
tmdapfttervanH.N. Rpgmx 1 dunsh einen dnfacheran Amdrnck one tit warden. 
Besetehne t r den Radinsvektor, A den Errishshuid, c die Kimgn Hon dor Vann, 
k die boobedrtete Verilngenmg der Hflmmpitxen fiber die Bckra cb tuDgspoic, 
■o ist dk Jkfraklkmskonatanto R gageben dureh 

Die erhebHcbe Hslbmh alteu w likii iig, die die 44* fan Pngdu nivar fancndo Sannen- 
•cheibe enf der Ptenetenkngd havarruft, let in dem Ansdrnck beredta berflek- 
dchtigt. Am den Beobeditnngen von J. H. MAdlxb, Lyiuk, E. E. TUawAiro 
and H.N. Rubkll ergibt rich dmeefa dne Horisootalrafraktioii dor Vara* 
atmosphftro van rand alio dn doppelt ao grdQer Wort wk enf dcr Erie. 
Rdbbkll maebt dazanf anfmerksam, daB sor Zeh der Ringlonn dor Venn- 
atmoaphlro — die nlchsta Gdegenhdt m dner Ihnttchcn Beobachtnng bietet 
sLch ernt wieder im Jahre 1973 — inf der dcr Sonne ehgokehrten Salto dee kalian 
Rjngn ein TJrhftrrg-yimnm snftzeten mfiflte, wthrand hler gerade oin Llcht- 
mbunnim wuhrgenomman warden 1st. Er echHeflt danun, daB die Atmoaphlro 
dea Planeten nfcht voUkommen War ist, aondem dna moleknlaro Trflbnng ini- 
welat, Ihnllch wio die Erdatmosphflre. 

Ubv die Andehmmg der atmosphtrlscben Wflllw dor Vomia laafcen rich bel 
Stemhedrckimgen Anhaltapankte gewirmen. Ana dem Vorfiborgang vor t] Gemi- 
narum 1910 Jnli 26 hat a. B. F. Baldbt 1 enf due Hfiho dor Vonumtmosphlre 
von 80 bU 100 km gnwhlnm, 

Mt dem Ubergrdfen der Hdrnaspitxen fiber die BcloochtnngBpolo hlnana 
hflngt offanber eiidi das mg. aachgrane Ilcfat der venmaober- 

fllche sommen. fiber das frfiber dea fiftsron bertehtnt warden 1st 4 . Dm die 
krittaduran Bcooachtnngcn der letxten Jshnohnie fiber rino Erlonchtang 
da Nechtadte der Varna mh w el gea, ist ansanehman, daB cs dch um dnea 
phyat n ing k ehe n Effekt gehanddt bat. Die voH olenchtoto Erdo hat, von der 
Verna an gmehen, im gftnstlpten FaBe die Grflfle —6*1,6, ist daber afcbor nlcbt 
fanstande, die dnnWeSdte desPlcnetmsowdt su edenebten, daB rfinwo dchibar 
werden kfiemte, am allerwenigstm bd Tagrobeobechtungec, anf dlo dch die 
llteron Ang&ben fiber die Ezkhdnang md st beskhen. 

Bd dcr UnhnDdnmg der Vennaoberfllche veraagt na ak wB idlgm mri ao die 
Spektroato^evo n s tflndi g. Ala dnxigia positives Ergebnia der apoktrogrBiifaiKbai 
Untexsadmngm dee VanuUchtes ksnn die Tatmche sngcffihrt warden, daft 
dieses gegenflber dem SannenUcbt t: dcher an gblben and grfinon Strehlen 1st, 
dagegmi die kii ne n WeDen stark ge dlmpCt wkderglbb IHeaar Iichtibfall hi 
blanvialetten Tefl ist nsdi AW. Cuthkk* vieQelchi tnf die stlzkero Tmrf—tins 
der KnlrirtUe in der Veimsatmuspbiro izrfolge dee g eringuru n Son nenab s t ii id fl e 
snrOckmffihnn. 


X-.hKLb* 16 !! 1 % n. Apj afi. S.60 ( 1907 ). 

** *85, 8. )Q6 (1910). 

4 Y|L *. B. dk Zannimtaltai fcEJ, Kuna, Hsndboeh der sUgsm. TTIwTi ' 
bamlnOnc, fe. 90 (19W). 

• MW 7ft a 307 (1919). 
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Rotation ilarVoim. Tomperatar. HdU^ultarariuf. 


Um die ftltcrcn widertpnichrndcn Mlttdlongcn fiber angcbtiche VenrtfrkuDg 
dcr aimoephflrischcn Bouden im Vcnnaapektrarn nachxuprflfen, haben C. E. 
Sr. John nnd S.B. Nicholson 1 dleaea am Soow-Tolokop dea Mt Vtthan-Obaerva* 
lirhiini mlt cdncm. Gittenpektragraphcn anfgenainiDQn nod ifchr alngoheod unts'- 
■ncht, aber nlcht don gcringrton Anhalt fftr Saneretoff oder Wosacrdampf anf 
dor Venna gofnnden. Hit dem aflenkundlgim VariiRDdoranln diwr WalkEnhfiflo 
1st die Tatmcho irar In dcr Wcte Ttrednbar, dafl die Kandenaatiooen dcrt awlw 
boch roichcm nnd die Sofmenatrahlou anf dem Hn- nnd Rfickwcgo nor Schlchtan 
•ohr goingor Dichte paarinrm: Dio SUnmg dnrch die Ubnlaguniiig etwaigcr 

- 1 tl fF__ll J t_J 1 W 1 _ 1_.1. . _ . 1 ■ f * 


wwm fftr die Untcraudnmgen die grtflten Eiongotioncm, alio Zeiten hdhor Radlal- 
bewegung, varwmdet wmden. Bel goiQgond starker Dbpeiaion mchdnen daun 
dio dor Erde nnd dio dcr Venna sogohOrigen Linien gotmmt nnd kfinnen bo- 
quem mitrfnandir vnrgllchcn wrrden. 

Dor nlcht gegtftckto Nachwdi von Saneratoff lm Venn—pektrnm hat sn 
dor Varmntnng Anlafi gcgeben, dafl diaser Grundatotf anf dcr Erdo sat dnrch 
die Wiiknng dcr Sannenstrahlong an! dio Vegetation cntstandcn 1st Die Hypo- 
theao Btamint ana dncr Zcdt, in dor anch anf dcr Sonne daa Varbandenaein von 
frddm Soncntoif nodi nvdfelhaft war. Von dem hantigen Standpunkte ana 
iat dio Analcht kanm noch htdlbar. 

Folarlaationabcobaditnngen dea VenmHchtua Began cast in gadnger ZaH 
var. Wfihrmd ca von J. J. Landebkr 1892 noch ala polar!—tionsfrd. gclnndcn 
wnrdo, hat nooerdings,' 1922—1924, B. Lyot 1 an ehwm gmpflndtirhnn PnlnrU 
motcr ednon dcutHcbcn Gang dcr Proamtxnhlen daa polarMertcu TJrhtm imfl 
Andcrangan seiner Ebcnc fcatstollcn kflemen, die in Abb. 7 a.T. grapUach dar- 
gcatdlt dnd. Ala Ab—iaao 1st » 
dcrDiffnalonawlnkeldcrVenaa J “I 

anfgetragan, dor mit dam g 

fr flkw abgoldtotan Husan- M — _/_j_ 

winknl^ dea Plano ten (obono III ^ f 

Konjunktion 0°, nntere 180°) E ^ / \ 

identbeh 1st, ala Ocdinato dar J J s _\__ 

P r omt—tr dea polaridarton J J V 

LichtcainTanaonckteln,sank- Sa \ 

rocht nnd parallel nr Dll- Jjl*-_ 

fnakmaebcno. Dio Pnlnrtaatlnn l \. 

hat denWortNnll in dcr oboron I ---- 

Konjunktlcm; dor grfiflte, In J *4- W -1-99- U - w - I t 

dor rigor nlcht daigntente A bh. 7. 1-ol.riBtfcmknrT. d«V« au* B. Im. 
Botrag, otwa 4%. wird In den 

Qnadraturm erreicht. Von den Hnadnrm Tdlcn der Planotenadidbe erwiea aidi 
atota dio Strahhmg dcr Lkhtgrmm stflrker pchuMort ala der hell edeachtete 
Bend. MfigBcbarwolae gdingt ea, dcsnKnrvnnvrrianf mbcBthnmtanLabQratorinin- 
vacochan In Bakhnng n bringen. Lyot anvfihnt bendta, dafl nine Walks feber 
Trfipfchen ednen FalawHonaefTokt arglbt, dcr dam bei dcr Vemu beobechtetm 
Vaaanf darcham IhnUch rioht. 

0. Vermntungen fiber die Rotados dar Venua. Temperatur. HdllgkaHs- 
varlauf dar Phaaen. Da dio dinkta Beetlrnmnng der Vam—ntatian tns Pleck- 
dnrdigfingon dutch dan Mttdmeridian nidit mflgHch iat, hat man die Anlgabe 
Iiiriir fg ph anf I Mg i H p bV^wwn lViign In Angrlff ga mpiinMl , TNw awfahri Wa l m 


1 ApJ 5A 8.3*0 (1922). 1 BSAF 38, & KB (19>4). 
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Kap. 4* K. G*ajt: Wb plij^nTin PfihMfflhrHt dog Ptono lonB y atmm . 4, 


HeaKngKdhen da Radlalgeechwfaidigkdt dcr Rflnder, fQr dlo der Doppicroffakt 
mflrkHflrtg Strahhmg m beachten lit 1 , hot A. Bslopolbc 1 In Pulkovo 4903 
Ha 1911 angeateflt nod fflr die Perlode da Acbaendrebmig achUoflHch 
afaaltsn. ~Wledflriifltcmg der Meeanngen anf Hum Lowell- m«l H*m jit 
WUaon-Obaervatorium hat dagegen trots dor angewmdcton wawntUch itflrkuxtn 
Diapaulon dnm ligoodvie ttwr^Hf^wn Dopplcreffekt der Plane tonrflndcr nlcht 
ogeben, to dafi die Arbdten Bklopolbeb die Sarhlagp abenaowanig goklArt 
ViaViwn, wie dlfl visneOen Beobachtungun Schjapahklldi. Da der MlBerfnlg dor 
apektrngrajMachmi Methodo Immerhln antbDend 1 st, hat W. H. PxcKxaixo die 
Anricht grin fort, dafi die Urodrchnngiarhan da Vanua mOgHchcrweleo in die 
Bahnebene fUlt, ao dafi flhnHch wie tael Uranna (vgL Ziff. 14 ) xn badminton 
Zrdtm fibah&npt kdn Dopplcreffekt ah Wlrktmg dner Rotation m enrurten act 
Nadi Picujumg Ufit deb dtser Standponkt bet Venna dnrduuu vortroten und 
fflbrt daim anf due Umdxehnngiperiode von 68*. Dimes Ergobnia hat C. V. Chas- 
un 1 vainlafit, Hwinf Uunvdam, daB dynamlach aoch noch dno Adiaoo- 
crientiaung mOgUch ad, die so der Vastefinng dner roUanden Kngel ffihrt, 
derm Acfaae atftndig die Rkfatung dee Radiuavekton dnrdmmt Anhaltspnnkte 
ffir die Rotadociaperlode liuwen dch aber ana dner aolchen A nnnhmo goonn 
eb c ueove n lg gewinnen, vie bd Irgeuddner andoen Orion tdernng. 

Prttft man die Rotadonafrage euunal nnr vom Standpnnkte der phydkaHacbon 
WihnrhdnMdikait ana, ao ftndet man bald trtftJge Grftndo, die gegen dnxdno 
der s h gel dtat m XJmdrehungsverte spreeben. Bemndon nnwahndialiillch lat 
die Gldrhhatt von Rotation and Unrianfaperlode, Du hat A. W. Claydem 4 
bervagefaoben, indem er daranf hlnvlea, dab der von Sghiapaexlli vertrntenn 


Znatand dn Vmchvinden dea Waaeriampfee von der Tagadte dea Hanoton 
nnd due AsaBznmhmg der Kondim»timwn an£ da Nadi tad to, ovtL In Form 
van Eb, mlt dch briqgm vfirie. Bd echr raacher Rotation hftttn slab andarar- 
adta drhrrflrh dne anfftlHgrro Paoatatrtnrang aoagebDdet, vks vrlr ale an 
Jupiter beobaefatm kflnnen, mid vie de dch, aHerdlngaln vdt venlgnr deutlloha 
Form, anehlm Wolhnmnantri da Erie nachvctan lflfit, SaUto drfi trots f% 
Bedrnhwi die adn lanpnme Rotation ala ichHrfi boatehond orvcUon, bo tut 
de fedenfalla i dcfa t, vie daa vohl frfiha dea flftoon gwchnh, anf GoadfamnHbtuw 
elna FlulmDe gegen die feats Obnrflftche dea Planoten odor anf dlo Rdbnng 
Irmoa M a giiJiittam gegen die oratorio Rindo mrfackstifQhran. Daxn lat, 
ebgcuhm von geop hydlnjbrhcn Bedcnkrm, da Abetand Vanua — Sonne viol su 
grofl. Man ertemt daa ariat, venn man den f&r die GosoitonhOho maUgoboideii 
Pakttx if/f* fttr die Sonnenmaae nnd den Radinavoktnr da Venue aurochnot 
nnd die Zahlm mlt dm mtaprechoodenWertan lm Syitnm Hrio—Mood vnhddiL 
IBe kflnftlge n Ftsadrangm in da RotwH^iMTig^i^g wnhui h worion dch su- 
nadMt Featatelhmg da Achamlege da Vanua konaantrioon roffasn. 

lO^davdae Ueten die adion svthnten Anfnahmen dnrch Vloiottfllta bd 
ent^reefaenda Vavollkominnniig dnen gangbaim W«, Anch daa rodlornetrlacho 
Virfatom^tot vieOddit mm Zhi Bel aber Anwmdimg anf dlo Verna tendon 
a. B. E, Pimr nnd S. E Nichqlbos fan Jahro 4924 am SQdhom dno atflrknro 
Strahhmg ala amNardham. Du farm natfidlch an cfaur vorachlodaim phydks- 
UdoiBaa^Adt der n dtnrwtri . rt g wnTrrfi Stcflan Hagan, mbi&ohi- 
It® dodl ™ Armahme, dafi um die anmebou Zdt die Rotatlau- 
pde da Venmnldit irit fatten BeleochtnngBpolen soaaminanflelon. Die bd 
dleea qdeg anhdt von den amerikanlachea Beobeditem arfaeltenm Tampers- 


1 

1 

4 
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tnren 1 Bind bemerkenmwrt Sle betragen bd voller Bdonchtung +50° bit 
+ 60* C, anf der Nachtadte etwa 0* C. Vor Sonnenanfgnng tmd nidi Sonnan- 
tmtergnng bcatehen imr guinge Unteraddede. Dki stoht lm Kfnhtang nrit der 
Vonrtdhmg cdner ctnhdtflcben, den Ftaneten iSadtig umgebenden WolkeohOHe, 
die in cdner lanthanum Sdricht adnoT Atmoaphto acfawebt. 

Unfair alien aatzophyidkallachm. Paten, die die Vann betnffan, bealtxeu 
die photometrtachcn Angaben die grQBta ZnveriAaaigkrifa Ea Hw jwn darflbar 
visnclle Boohachtongen van G. HOuxb 1 xwbeben 1877 nnd 1890 nnd 1900—1909 
aowlo el no neoera kurxo photographtache Rdhe von E, S. Kmo 1 ana derZdt 1919 
bta 1925 vor. Die nmnittalbar ga nwon an HeUtakeitan laaaen nnr Xddbt- 
wochad von (>*,8 erkermen; daw Maximum wirdbrJ einem Phaaenwinkal £ —125 *, 
fast groan dnen Manat vor tmd nach der uixienm Kanjimktinn, errdcht Anf 
dn ebihedtUdusi System besogen, ffthnm die Beobechttmgudhen uadi Hednkrinn 
anf f a »0,7255 nnd ^-1 xu den nmpfrtarlim Formaln (vgLS. 568 ) 

Bq --S4*5 + 001323* +000000043479* (UOlld. vfcarit) 

J?Q "—4^91+001445 ^ + 00000002331^ (Kao, photograph**) 

B$ --3,38 + 001445 1 + 04)0000033] 1 ** (Kan, pho tn rto i ofl) 

Der Farbenindex betrflgt danarfi + o m ,77. Warden atatt der vtaodlen HaZUg- 
kdten photovianeDe sngrtmde gelcgt, ao odiflht cr aich anf +0",91. 

Dio vom F haa e nwi nkd abbtog ige Iichtkxxrve veriAnft bed Vamu gana an deo 
wie bd Merknr nnd h+n Brdnmpde. Gaht winn wilder von flberdmtinniiendan 
HaTtigVr4twn bd. * ■■ 5o° ana (vgi. Ziff. 4), bo glbt die Venn gegenfiber Merknr 
bel p m 120* berdta dnen Ubenachufl van n&ha etner GrOQanklane, ao dad arimn 
htanua dn betcflchtUcher phymbeher Untarachiod der raflektinanden Schtehtm 
bd bdden Flaneten gerfolgwt warden kaim. Dio Dantdlong der HdHgkritalmrvB 
der Venna in ibrer Abhlngtgkdt vom Fhaaenwinkd anf Grand irgeodeinea der 
Alteren Bdeochttmg^eBetaa (Lamhkkt, T/nnm. nnd Skklzqkk) ist nkht mflgttah, 
da diceo anf die ha a iaaVa e n VcrblltnieBe, die die anftrnffende Stnblnng in der 
Gen- nnd StnnhhflUe doea Hanetm vorflndot, kdno Bflckricht nahmui. Nun 
1st aber dio ErdatraoaphAre dnrch dk Arbdtcn von C. G. Abbot undF. E. Fowls 
inbeaagenf Stjmmpgind WolkcnrrflfiilanBogrftndlkh tmtmtKht, daflE. Omk 4 
ana dt nun Tkifmi dn neoen BelonchtmigagaBota fOr doe rait 
arfflUte LafthtlBe ahldten konnte. Ea atellt bd Annahmo der Albedo 0,55 nnd 
de* 0,80 die beobachteton HoQigkdtBn dor Venna Ua 

t ™ 150* Bohr gat dor, wdefat daim aBonttngs Ar die ach matatm Stcfadphaam 
van dir boobachtetan Knrvn erhebHch. ab. 

7. Mara. Llo ht wn oh ad nnd ko taHon . OberfUohengobUde, MltdemCbv- 
gang xn dan oberon Flaneten Bndern dch dio phydacben Beobachtnngabedln- 
gangon lm gftmtigan Sixmo dadnrch, dafl der kt haat e Abetand vtm der Erda 
mlt dam Fhaaonwlnkd Null, d. h. vollor Beloochtxmg, vorknfipft tat lm be- 
aondenm FaBe dea Man brlngt ee die meridkbe EnentrldtU der Behn rait 
afaih, daB die Oppodtkmabedinginigon atarken, in HdHgkrit nnd adidnbaram 
Drathmoner ram Atadrnck kommendea Schwanknngen nnUritagon 1 . Dn der 
Sonumabatand ixn Ferihd 1,58, lm Apbel 1,67 Erdbahnradien betitgt, ao kaxm 


1 VgL dn 
vad Pop A*tr 33, 8.207 (mj). 


Bacbaht too W. W. 


Mat Ilfib 8.439 (1923) 


1 Pabl jUrtroph Ota Potadun 8, B. 313 (1893) and NaoUafi, bwxWW: von B. MOua, 
Alf 337, ». 63 (192Q. 

1 Harr Am 85, No. 4 (1923). 

4 AbhandL d. Bate. H teptafg— «ta (ran) 1 , & 237 (1932). 

1 Nlbena In dor Mnappa p ii l a von C. Flaumuuw, Lm pkukm Mam 2 Bda. (189> a, 
1909). 
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die Dbtans von der Erie mn die Oppcaitionselt iwiechen 56 imd 400 MUHo- 
nan km and dec achelnbaia Durchmeear swlachen 25" and 13 " weehadn. 7*4^, 
die inchr a}a 4 Monate vor oder nach den Qpporidonedatan liegen, komraen ifir 
phyalache Boobochtungen achon wtgen der dann eehr mcrkllchen Phase kanm 
nodi in Betracht. 

Wthread ebei Umlanfa ftndot rich die ManheDlgkeU von der Erie sun 
gooehen beaondara stark, mehr als dka bed iigenddnom anderen dor groflen 
Plnneten der Fill 1st, In dm gfinatigstm Oppodtionen, die rich fast genau 
nach 37 aynodbehm UmlAnlen nnd 4 Taps lfiederbolon. hat da Planet die 
HeMgkalt — 2* 8 , in don ungftnstigitm Kxmjunktioocn Du Licht 

weehadt alao fast vara Ginns da Venus fab zar HcIHgkrit dee Regains. Dio alln*n 
vom Fha&anwinkel abhflngigen, anf r % ™ 1,523 7 and dm raittkaren Oppcdtkm- 
abatand — r, — 4 — 0,5237 besogenen Andemngen in GrOfienldaucn \mmat 
■idi nach denedben Qneflen 1 d u rdi die Farmdn 

Ha — —1,81 + 0 , 01486 (Hflun, vfcudl) 

— —0.55 + 0.OS02 p ' (Kao, pbotegrmphkoh) 

Ha — —100 + 0 JM 32 p (Kao, photon — ii) 

amdrtteken. Pftr einen gegebman Radhuvektor r nnd den Erdahatand A go- 
■taltet rich die Varanbccedmong da HelHgkslt etna oberan Plenetan dann so, 
dafi an die ofaigen Woto von H nodi die Abatan daver beaa an iig in GriSenkban. 

+ 5k ‘*I^> 


hbunmfQgm 1st. TW dnrrh die Ghdchnngnn fftr J7j g rftpmimlrhnn tn TTnIHglrrits . 
vurianf da Pham entaaicht fast innerfaalb da Beobachtangafehla demjenigen 
da Venns. Da YagLetch kann aba nor fab xa dnan Phasenwinkel von 50", 
da bd Mars nle Oberacbritten vrird, amgedehnt vroden, Dio Opnocho pboto- 
metrbdie Formal, die Planetm ndt WkenerfQUten Atmceph&ron veronaatst 
5] nnd bd der Vann erst bd dlhma Slchdphnsn vanagt atollt die erfafl- 
faere photomotriache Manknrve awbehen p — 0 ° nnd p — 50* fast abmtat dar. 

Kara lit da eate Planet, fad dam dn Wedbael da Umriao ant da richtbaran 
Sdudbe dne Rotation voitt. Die hallaran nnd dnnUoon Flocks aeigon goingere 
Xantnate ak bd dem Erimond, dleae rdefaen aba aas, urn fad gOnstiger Logo 
da Hanptfarmationmi snr Eririchtung doen Hchtabktriacbeii Nadnveb doa In- 
tanalttovedanh nnd sdna Pedode mania—n, win daa 4909 in Babebtag 
P. Gonna gegtfickt 1st Fttr die Bestinnmmg des gananoren Wertea da Urn- 
drdnmg ana efoem grOflom Katzsdal la—n ddi achon die rohon dea 

17 . Jahrfatmderta vnwrloi Vertindet man ale mltneneren, natttrilch winilTIrli 
■charter beaUmmten Dnrchgflngm da Flecke darch den Iflttdnierldian, ao llflt 
rich die Botatkmadanq aefar genon W. F. Wnnjcnroa 1 nnd vast ns 

Saudi Baxhumxjt haben daa bia etwa 1885 angeaannndte Ma tcdal spi y flHdmn 
nnd flb er e ina ti mTnnnd den Kgnrfsg — 24 s 37 * gefandon, dne db 
anf etva (Pfii gedchert bt Kenere Rinwtnde gegen db GOltigkdt dkaq Urn- 
drdrangadaten haben dch ala nidit srirbiMiWg ^ool Da Unteachied gegen 
dm trdbcbsn Stemtagj 23 k 56 ^^)g) faetrflgt 41*48',56. Dividiat man den 
aidabjam 'Omlenf (G6fi“23 fc 37*) durch db Rotatlanaelt, to erhfllt man fftr 
db Huge dea Maiajabrea 668 Steen- bxw. 669 Somantag e. 


i G.Kflun, PsUArtropfa Ota Potsdam a. S. (1893) md E. & Knw, Hsrriea 

*5,1*^4(1933). 

dm PlsnatoD Mua, Dim, ( 1 & 86 ); a. sack 


Lowell Boh Or. 60 (1914). 



ZHT.r. 


Hub. Lfafatwooftari and Rotation. ObmjMmngriillde. 
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Ana der Bcwagnng da Flecko nod dor dutch die wdflon PoDcappon Idcht 
kenntUchen acbdubaron Achsnlage liDt rich da wahre Ort d« Vanmnn i. 
pall borechnen. Da von O. Lohhe 1 bos riganen and framden Meaungen fftr 
1900,0 abgeldtetn OrtA — 3 I 8 M D —+54°,0 ttimmt mit dem nenoen von 
W.H. Pickering 1 A-*3i6°r, D- +53^8' (1915,0) nicht gnt Oborin. Den 
dchostcn Belting Iftr die Lugo da Rotathmacfase Hetot die Bowogmig da 
Knoten raid Apridan da briden Trahan ten, wurnni H. Struve 1 den xar Zdt 
mveriflsrigstenWatdaNoidpGllagedosMara A — )W e fA D — 52“55',6 (1880,0) 
beredmot hat. Da due Abplattnng da Marakugol bis *a T J T nicht aroyrhlnicp 
1st, wto dne Prtxealnnibewogirag dee ManBqtiatan tnf dor Brim mflghch. Da 
van Struts dafttr angogebone Betrag too f\ 07 llhriich let aba angericfata da 
Unalchabdt da Pafligo doch noch atwaa fniglich. Ana da PiacunNaadien 
Achaanrichtnng folgt nach don in ZUL 2 angogobanen Fameln ala Ndgnng da 
Maisachaa gogcn die Normale aid da Bahn dn Wlnfcd von 24°,0. Jthree- nnd 
Tageelflnge, Bahnanen trial tflt nnd Sehinfn da ManckHptlk batimmon denWoch- 
aol da Jahtuadten mul die jewolllge Lago da PUnatenkngd xar Side. 

Die tfoanrinetlmnning dnlger Uankautnnten ralt don ontsprechooden InH- 
Bcbon ZfthJcnwnrton (Rotation, Aduonudgung) darf nicht an Schlftrn 

Hbcr din AhnUchkelt da Jahicaeitcn nnd andaa Dingo fflhren. Dio writ grflflcre 

mu r i n g , rHn Donor da TT mlanft nnd bcmdOB die wHirhn TUhn - 

exsentriritat mlt ibrar lm Aphel um mehr ala 30 % gegen daa Polbel vomliidatan 

Sruimna lru hlimg TTmffffl klhnnHnrhw VofhflHn liww , die nhne Koapanatlfin dttrrh 
boBoodao ant da Erie nicht vahandeno Elgcnschaftan da AtmoapUm mlt 
don unoigon madg gemdbwun haben dfirftm. 

Von Aw Bltq™ Varsnchcn rina W rt- w nmifflgnn Dentrilnng da 
rind die Haidglobai nnd Plattknrtai von J. H. KAnun (1840), F. Kaihicr (1864), 
R. A. Proctor (1867) nnd N. B. Greek (4877) be- 
Bouden arwflhnanawat 4 . Srit da Opposition van 
1877 bat dann G. Schiaparelli doch arino aahl- 
T wlijwn Wwmngnn nnd Zdchnnngen dnen wcrtvoDai 
Gnmdstock fQr die geomte Aicagrmpfaie grilcfot 1 . 

Dioa Ldatnng wild in bong an! Einxelheiten da 
ObafiAcha von crinigcti ipUsran Kartonwaken 
(Avtomiadi, Fourxhr) merhllch flbartrolftm, aba 

nhnn dgB rUyffriTf-h din Tnvw riliidg lrritdaOrimdflrnng 
nach LAngon nnd Brriten gmrannan hitte. Orte- 
boatimmmigen dor Marrilockn ana ncncror Zdt 
llogon von H. K Lau, W. H. Piceerikg*. K, Grate, 

R. TrOmplbr n. a. vor. 

Dio TOn«nihritwn da Manobarflichc action alch 
an* a nag ndfdmhwi nntairfriw ifii imd blSXlgWlBn Go- 
bicten mammon, van danon die aste n m hanptaOch- 
Hch dlnNord-, dlo ibbrinnn din Sflrihfllhkngri eirmohmen. Ihre flbikboTnxmtmg 
nach .JJlndan" nnd 1st genu win bri da gldcbartlgan Barichmmg 

■nT dun VofirV i r mr »li» nmom otoduil Mcha HUfamlttri antmtaaen nnd In dlov 
Vaallgandnamig ririia nnrlchdg. Bb 1st also noch gftnriich nnhoatiirant, wu 


1 akhB uoh LovdBril Sr. 56 ■ Pop Arir 35, a 317 (1927). 

1 MtaamOag ftmflAktd 1914 , 8. 1173- 

* NUro in (krlfaaaingiHe von C.FLUOUSXOW, la pitaria Mtja2Bde.fi 8B2n.190ty. 
1 Oaomrid all* tat dl nRttkw e alk topo^lla dri pknett Martt, 5 Tu, 
(1878-1897). 

1 Harr Aim 82 , Ha. 5 (1926). 



Abb. A Pl ujlmitph hcht 

Mrair tthme oat LowriL 
ObarratcriiiM tat dam 
Jahm 1907. 
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an£ dam Plana ten ala Land, vu ala 'Warner odor gar ala Vegetation anxtnprecbo 
1st. Wfiren irgendiro grflfiere Meereabockm voriianden, so dfirften bd dor d urdi 
richtigen Atmosphfire dee Mon atanartige Wwflm dec Son"*! famin fohWi 
woranf ver videm Jahren achon H. D. Tatloh 1 hlngcwieaen bat 

Bine Beaandsbdt dec Maiaoberfliche Uldoa & wdflen Happen, die ft 
gewdhnUcb die bedden Maxspale dnachMeflen. Due Sc hw gp nn kto fnJlm, mit da 
RotadonapcJen nidit genau snarnmen, aandem xelgan stats wlederkshraod 
Brdtanabwddmngan in gana beatiramten areographlachen LAngcm. Hach duo 
ZnMmmniqJeThmg van W. H. Pigkkhuig 1 , bd der Angnben von Beobanhten 
swiachen 1 78$ nnd 1 924 v e nmrtet rind, Hagen die Ulttdpankto dor woiflen Flock 
lm Iflttel in 2 — JJH* and ® — +88°»5 b*w, in 1 •- J2 0 and <p ■■ —8) - ,s 
Din Veradriebang gegen den Rotitiocspol lot ebo bd dam S&dBock bn-wyjnr 
stork. Die Happen vcnchwinden adt atdgapder Sanno and hflden rich be 
a b n ehm en dam Sopnanatand van nnaem; rie rind also ala etna Jahroanritlich 
Bndidnung dec Marsoberflicha anfxafamen. Urn die WintcnanDenwcnde an 
vrit fiber p rthHngeiqainoikthun xdchen ale da n ac Bog r Bnhfacha 

Brdten van SO*. Etwa. 2 Hi J Mnmia var dam Sobtltinm beghmaa rio da 
Rflcksag and adimriam dann vtJLk umin e n odor bb anf onbedentenda Heat 
loamman. Die Rfickxog^jeschwindJgkdt 1st nnveOen aehr grofl and erreich 

rater Umetfindon 400 km tJgHch. M 
Happen enchednon aeften ala g^alcfa 
ifirndge Wfle Flficben, aondam idga 
in der Hegd Strnktnr, danklare Schai 
HenmgenundSpalto, Stellenvtmbfihercr 
Ob tii oiw. Die 1924 von K. Gbaft lari 
gnrtallten Wallen in der Sdunekhnrv 
dee Sfldflecka haben die- gkdcfae Period 
wie die Wloderkehr der glririmn He 
♦atinmphMB gegenfiber der Bide, rin 
alao wohl nicht reell, aandem anf lokal 
Abwdchangm der betraffendm Pd 
_ ktppe vom KrdsamriB bsw, vom or 

y genogfimenen Schwarpnnkt mrfldnr 

fiUmn. Fftr die Schmoliperiodo de 
wdflen GeUete chanktarbtbch ■ bt de 
Anftratm van randan odor pngs 
m fl EHgm Randflecken bosanden hob* 
M. s Albedo, die den Pol kramnrtlg tut 
geben (Abb, 9) md nirb Jahren on 
Jahnehntan bd gldchnrtJgcr Sn^iw 
■teQang last an gwin dan e dben Steflc 
der Mazaobecflflche aich ontwickein 
Abb. 9. Aharina Am ■adtinhw Poifluiia Wflhrend Oner Abnahmn alnd die Po 
Mato J*H Ik Beptembar igsf. non 4wm dmikelgmiep 

nrngnhan, den man frtthar fftr dx 
optbchc Tfiuecbnng amah, der abac ddwr reell 1st Die in dor Beecdchmm 
oft anrgedrfhckte Deatrag dlesar Yargflngo 1st dncdiana nkht andgflltig. Wea 
men each nadi demVorgmng von P. LowmAbd Ihrec Schfldenmg van lt Sdm0 
. Mdap**i , r R t mirtinn gn ,, ( ..Sd u n ela wem" aaw. wa qaechen pQegt, so dc 

1 M N 55. a. 4da (1B9S). a I^pAtfr 14.&ai ( 1 «Q. 

1 VjL K. Gun, Arina. Abb. d. Hrimb. few. la Dap J al 
A uoi ai Qm Abode of Life ( 1906 ), 




a.Nr.7. Tat 11 (igac 
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ntcht anfier acbt gdereen worden, dafi die anf dfcee Wdee sum Atwdmck ge- 
Inchten Vorstelhmgen, die dem Eindruck un Fenirohr cntgegenkommeo, 
mH gHdigilM voUkommen unrichUg dnH, 

B. Atmasphlre und Wolkengafaflde dm Man. Spektrum und Temperatur, 
Noben dm beetflndigarm Umriaen vun rater, graner odor wedflcr Farbe nrit den fib- 
lichen Abetuiungm in dor Tide und der Leochtkraft der Tflnung wcrden anf 
dor Mareoberllfiche htnflgv inch vcrtndarUcbe, etatlanflre Oder ihren Ort reach 
wecheelnde weiBUche oder gelbUcbo Flecks beobachtet, die kamn etwee anderct 
gle nhondo oder von LuftetrOmiuigen fortgetiiebeoe Walken sin kflnnen. Sle 
treten In nllon mflgtirhnn Marebrdtan enf und emrichon eawrilen eehr grofie 
Hfibon fiber r\rm Boden, wie ene varfibergdwnd beobeditetcn HcrvurregmigBi 
deeTermlneton aalchtHch let 1 , ^hmn txetan In denUmrireen, ^ Gbnt nwi 
ds Ferbentflming bertlmmts OberfUtrihonfonrian trots tmvoftnderlichar afikn- 
lerv Tjgn anf dor Marekngel von OppaeltUm su Oppodtirm ao betricfatllcbe 
Vertndmuigen enf, d&O ouch damn atmnaphUriache gmAmarinmii afaefaUch 
beteUgt —d" dftrfton. Wlhrond im nH yiiwliwi i dee Ange em Ferarohr den 
Blndrnck bet, ele ob der Bttck tale mr Oberfllcbe dee Hmoten vordrlngt, ver- 
echlelem dee flfteran Nebal und Dunet grafle Geblete, sum flen eoger die gum 

TTngwl A»n Uor m J go riflQ rin iWp AngB fibofampt Iwdm* ‘KlireJfaHhqi mdir buteL 

Deneben lAfit die Andemng der Ttamg m>d Zan&hme der Verweecbenboit «iw 
Umrima bel Annflbannig an die Kinder, also bel tangentialemBHck, anfStremmg 
^nd Abaorptkm ^ Iichtee in ■tmnqiheWarfmn TTeiln edillefien, mid die 
Abecbettijarung der Lichtgrenw, die nar fftr etwa echt Tege um deeOppaeltkBa- 
datnm herum vmachwindet, bewdit dee •VarfaeDdansin na DflmmftiiingB- 
endudniuigen. 

Obwnbl der Botreg dee pnlwririnrton TJrhfm bel Here hfidwten e 2 fail 3% 
dor Ganmtstnbhmg nuisdit, ahid dlo ?vJi —i»fcnng wn in dleeem Bendch 
mlt «npftndHrfien Inetrunenten doch richer nachwcbbar, Die plflttfrtw Be- 
wfikung der gensen Msreober- 
flflebo, dlo e. B. Titch dem 6. Do- 
somber 1934 ebmtete, und die 
AnfUerong Fobmer 4935 
gohm sue don LYonchan Mee- 
uny m Tmd dnm Verlflllf Mjlur 
PaUrlaeUanelairvo (Abb. 40) 1 in 
vmchl odencn Einsdhdtan wait 
ridmnrhgvoralacMMdongHflh- 
sdtigon Femrobiboobochtmigen, 
dlo bel dam kid nan echdnbarai 
Dardunoeeer und dr 
Fheee doe Fleneton in Jener Zdt 
kdno n un i Mii w Hrt u Ergeb ci m o 
mahr UaEarn konntan. Wflhnmd 
der Opposition 4922war dlo Mere? _ 

atmoepbAro klaxor imdwuttgariiigDrmSliirtstflrnngan anegeretst. DleeeTktmcbe 
flndot in der Cost ob or e u Knrvo der Abb. 10 Ihren Andrade, dlo dai 

Betreg dee polarlalaten Ifir dlo DUEnloDewlnkd wie 4924 ver- 

onediaaHcht, 

Gegonflbor di * 1 — 1 dn n 3 mi M dndoatlgen FtttsteZhnigen fiber dlo Atmo- 
■pbflre dee Matv und eager fiber wichtlgwe metomkglBcbe Vorgftnge in 



At*, io. Gang dv Polaifmkn daa vAriMiia 
1(04 (nnteo) and 19EO (oban) bd gldoban DU- 
f u d mia w in Mn (naob B. Laor). 


1 VgL I.B.KH.ArtQMUDi, CR 17ft B. B8+ (IBM). » CB \7% 8.1796 (19*}. 
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denelbeo aind die Eigebniae der Spektrulanolyae wiodcr rccht dflrftlg. IHc 
Alteren Boobadrter wie J. Jambskv, H. C. Vogkl, W. Huggucb hiultun an Ihrem 
viaodkn Na di w cl a dna Ventfirkung der atnwepbflrlschun Baitricn im Mon- 
ap ek trnm fat 1 , wihrend J. B. Kxkler rich fflr voUkommuno Idcntltflt dur Man- 
imd firmnmiftiwir p Hflgim anaapracb. V. M. Sunam bet 1908 pliotograpMiich 
die e-Bande bd Mas deotikh ertuhufi, wflhmd dka bd dem 13 " tkfiT HtrlhiKlon 
MnnH nldit der Fall war, docfa hat dne Expedition den Llck-OlMa'vatorlniTia 
nach dam ML Whitney (4400 m) daa Ergebvni debt besttttlgt. In ( 1 cm (lurch 
den Dopplereffeki vom Erdapektrom go tram ten Manlklit konntu mlt Slcherbdt 
kdne atmosphflriache Unie wledergdunden warden. Hlarmw hulxm W. W. (’•amp- 
twttt- und S. Albkxcht den Schlufl goxagen, daO dio Quantltftt Woownlampf 
am MaraAquatar jerinnfHlh nldit % darjanigen fiber dem 1300 m hohen Mt. 
Hamfltan (etwi 2 g auf 1 dsn) entaprkht 1 . Nouadlnga 1 st von W. S. Auamb 
und C. E, Sr. Jobs 1 dn Verglddi der Maiapoktrognunmo mlt dem utmo- 
■phHrWwm Spektrum auf mlkniphotoinetrladian Wcgc dnirJigoIfllnt wurdnn. 
Ea hat aich dabd wahl dne Ventfirkung da WamardempI- mxl SaiiRTHtnff- 
bandea bd Man nachwdaen laoen; die quantltativen Botrflgc dimer Gum rind 
aher aefar goring und mtaprechen nur 6 % haw. 16 % vtm dom Wnovntunpf 
und Sanentoff, den die irdiache Atmnaphflre fiber dam ML WUaon oufwdwL 
Erst In etwalOkmHAhe trifft man auf derErde vergldchbaro l’rraantanblim an. 

Die Frege der M a r a twnparaiur lit bd Gelegonhdt dar verachlakiurtiffittai 
Problems, die alch an den Planeten knfipfen, HrfiaiMinU und umatrittun wrdiit, 
doc h fch lten, wle wlr aahen (Ziff. 3 ), vor dnigen Johnobnton noch vnlhUlndig 
(He emdriaefaen und tiw w rtarWi GnuuHagun xur Entachddimg dnor ao sehwte- 
dgm Angelcgenhdt, wobd noch oft vurdngonommnno Mdunngun daa Urtdl 
trfibten. TMw ITU hagr ftniW^n fhwnml larhi Zjffnrn riyligr M, WlTjMfXP- 

wnacH 4 ahgddtet, wobd a su oboea Gramms ten gdangtu, dk awlaclicn — 3 * 
am Aquator und — 52° an den Bolen da Man Began. Dkso AngaJxm adnuncm 
da GrOBenardmmg nach mlt den Tempmtnnn anffallond gut Qhoroin, (Hu am 
Meaungan da Tbamoeffckta an den groflun Eeflektorun rioa Lnwull- und da 
Mt. WOm-OtaKi vatocluim van daa Beobacbtorpaaien Cohmmti-Lamplaxu 
und PrmT-NiCHaLaair nach dem Ruvmjchen Prindp (Ziff. 3 ) (rfanltun w or den 
rind*. Die a nf fi n g H chai Wldaijrfiche In dan Wcrton wnchiodmor Hoohadibr 
b a ben in da abgrlchenden Grflfie da baratstoa Emnffingar Him Erklflrung 
gefunden und dflrfen wuhl ala beoitigt gotten. Dio vonlagandan Dntm kflnnon 
xu elna Tagaknrva da Man zmammaigofafit wurdan, die In dun Hcnkrucht 
van da Sonne hachknpnrn GeUeten bd wadgar eta — 45 ° C biflinnt, urn dio 
MH lag—dL ddge Grade fiber den Nnllpunkt omporatolgt imd ctwa mlt dem 
Gafrleqxmkt bed Saunenantagang cndeL Dk granen Gobkto adgim gi^onfilxr 
den rt tHdi e n dne nwkll ch bflhere Strabbmgj dk Untenchkdo butregen m* 
wdlen 30 * und darflba. Wk dk bd attrkaei Phase anigonomnionon Worts 
da Flanetenetnbhing ffir die dnaelnm frflhsn und ap&ton Tegomtnndan da 
* e ^d cn » die NflcMtanperitar da Fhnetan nlodrig adn, wanna out 
di a^aebr garlngc Wlmakaperitlt daMenbodoni und alno nch t unvoll koenmono 
Rflckatri hlTmgafthigkH t da Menatmaephlre geKhlom warden (krf. Obwuhl 
die mittlfir e Tempaatur da Man nnr xwiacben — 15 * und — 30 * llegon «n*g, 


1 J. flnigihgM , Sjaktalnelja da Gatixna. 8 .213 (iBool. 
a “ W - W - ^ ^ *■ « «W| i«dWUnw.1J. 
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Tin. 9. Pbotofnphlashc Aafnahmen dm Man. Riyataioglnho Phlnnrane. 
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and im Barricho dcr Pdflccko Werte Us xu — 60° angotroffon waden, brancht 
die PlanotcnoborfUcho durchsns irfcht all Eiswfisto angeacbcn id wodcn. 
Mon hat aaf rino gcwiac AhnHchknit mit dcm irdlachen TundrenkUma bin- 
gevrkaon. wo swot nlcht in dor tagos-, aber in dcr jahnssritlldum Knrvo fast 
gldchartdge TompciratTirichwanknngen angetroflan warden; as dsrf sbar dmbei 
nlcht anlScrncfat griimm werdan* daO anf dem Mars im wcmntllclian Bodnn- 
tnmpcmtaron gemenan warden, w&hrand fijr din kUmatiftchen Verliilltniflso anf 
dcr Erde die Lnfttcmporatur maflgebend ist * 

9. Photognphbche Anfnahman dm Mart, Phyriologischa Phinomana and 
Um Dentung. Wcnn such, wio arwflhnt, rinigo gncUckto Boobachtor wie 
E. U. Amtokiam, G. FouiormitL ft. von dcr MsnohcrflAcho aulksrordcntllch rrich- 
haltdge Zrichnungcn mit nhDoften Fdnhqltcn un- 
gofertigt haben 1 , so begin non dices LaLatungcn 
gogc n Pber don im MaOstab vid Mdncran abor 
In der Anf faming tmd Orion ticrang wnecntlich 
savsriflssigcTOi photographiachcn Anfnahmen 
(Abb. 8 n. H) allm fihHrh znrOcksntrctcn. Die 
am tan branchbanm^.h.dioPolktppoiiundclnigD 
unbofttlmmto Schatticrungon xagendan Auf- 
nfthmen anf gewflhnllchan Trockonplatten ilnd 
1888 tmd i890 ralt dam \ 3 sflUlgen Boydcnrafrak- 
tar dm HarvBid-Obnrvatoritiins in Arcqalpa 
angnfartigt warden. Wcgcn dcr langcn Expo¬ 
sition ini ten waron die Yarrocho bh 1905 rocht 
uphofricriigend etugefaHan, Us rich bed don wri- 
tonxi, beaerndan antor F. Lowxlu LUtnng nn- 
crmftdEdi gafOrdartan Arbdten der groBo Vartdl 
goibar nnd rotnr Filter bod dcr MnnphotograpMe 
ergib (Abb. 11). Dank don amnrlkinlsrhan Bemflhnngnn vnrfflgt dlo Aroqgraphie 
sot 1907 fibar able Rdbo gnter, *.T. aogar vortraffHchcr AnCnahmea dee Plancton*. 
Bel ftdnen Untcssochangcn fiber die Scfaflrfe dor photographkehen AbbUdimg in 
vcrachlcdfloen Farbon konnnt F. K. Robb euf Grand yon Lftbcratcri nimmiu cben 
u dem Scfalai), dafi in gftnidgon Mnraoppo- 
riticoon bot V er w endu ng langwofligon Iiditoa 
and otwa 100 m Aqntvftlopth mnn w u itn rich 
noch Objckto too lOkraDnicfainmarabUldon 
raflfiten. Bd stnrkcn Haltigkritsnntanofaioilan 
dfirf to dlo Grama ftogsr noch mcrkiich tiofer 
llogtn. Dio Usharigcn Aafnahmon sind, ob- 
wahl i. T. mit morkllcb grfiflaran Brenn- 
writon angofcrtlgt, wan dtosen Idmlirtsfringon 
noch nhr writ antfamt. 

Bin VcrgMcb der lacmDchromatisohoa 
Aafnahmon mit den visoaltan Boobftchtnngon 
ftrigt, dafl dlo GdlbfllterUldar dora visaoUcn 
Fararohniinrinick am baton entmrochen; die 
Botaxrfnabinen adgon orbdhto, dio Blau- and 
Vlnlnttafrfnalimifi m rmtndnr hi Tfnntr aihi 

(Abb. 12). BesaodviiDerkwflnilg 1st die coast 


Abb. 11. Man IgH nacti dinar 
Miter—fanhmo m tajt Maaivzh. 
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Abb. 12 , FUtemafneluMn dm Man. 
Obeo altziTiaiett nod aplb, tratm bias 
nnd plbamt (neoh w. H. Wuhct), 


1 Y«fl(L In B9 AF, deaflminriliftpiliw wnR. jAftTHuommiBnetpa.3fiy)ft. a. 
1 Zmn TOO in Fop Aatr nnd FnU ABF TorACtetildit. 




Kkp, 4- K. Gun: Dfc pbyriache Benhaflahrit da FUnotauTvtxau, ZULp. 


von W. H-WnoFr gemachteFestxtefimig, dafi die fcamroDlgon Fhotogranuoo dnen 
makllch grflBeran Dprehmeseer dm Haneten ergeben ala & langwclUgmL Anfio- 
dem komnit die Folkappe hlcr in riner writ stflrkann Anadehntmg sun Vor- 

■rlvdn ala Iwi normal mi Fonttohlbild 1 . Hfllle, anffallmid gjaramnk Flocko VOfl 

nnbesdmmta Be grc nsuu g dud Boost daa dnsige, waa man auf den dnt&dgen 
Yiolettanfnahman sowdlen bemerkt. Hlerani hat Weight don SchlnQ gesogon, 
dafi die RotMder im weamtHchsx den Pknetenkflrpa, dlo Violet tbllder die Iftr 
knrxe* Weilm nndnreMHngUche Atmosphere dee Hue abbUden. Nach dam 
On te ndded der kmx- nod kngwefiJgen Darchmeaacr sn nrtdlen, mfiflte diono 
etna Hfibe van 190 km balm. Die Poftappen hAlt Weight der Haoptiacba tmi^ 
ffir ai mnaphirlarhfl GeWde, ako etwa Iftr bochachwebende korapakte Wolken- 
jiTirin, (fie bd eUrkam TnmlsHrm ddi aUmlhllch anflfiaen. DafQr apricht, 
wenn man anf die dinktsn Qkularboobachtnngon surtickgrdlt, die Takachc, 
dafi afle Bnanlhriten der Kappen trots finer Ranrinflhn ungcrwfthnUch dootlkh 
nnd fast stria in wdfia Flrbnng havur tre lcn , dagegen dgentUch nnr die Wobr- 
nehmnng, dafi die Ziff. 7 swlhnten gUnaenden R»ndfVrkn derPdOmppeo In don 
gWcbartigen Opporitknen.dea Man an dmadben Steflcn an f l niUm . HW Wmiy 
aDerdhigB ringewendet warden, dafi dieae Wledoholimg boadrarattr atmo- 
phlikcfcer Gebflde am girirhm Ort anch dnzch daruntarllegondo Bodcnlmncn, 
s. B. a ti i ho e Erfcebungen, Wasasbecken il dgl., vennlafit sein kfirmto. 

Wenn ancfa ana dm photograph!w.hnn Anfaahmen hgrvnrgnbt, Hafl 
aimospbiro nnr aehr wudg knmreJHgea Licht dnrchllfit, ao 1 st damit dno Donhmg 
fflr die Flrbnng da Planetai doch nocb nfcht.gegeben. Bcrritu F. Ajugo hit 
dsrnnf anfmakaam gemacht, dafi bei einem Strecvorgang die into Tflnnng an 
den Pkneteznflndern am atflrkstsn Eoftretm mflflte, wflhrand In WirkHdikdi 
daftafiereUmrlfiderlfanadieibegnmUfiavBracdddBrtendielnt Wahracbdnlkh 
iat daa reflektierte Licht der FlaneteihObafllcha an rich achan nridi an kng- 
wriHgen Strahlen; entfemte Zicgeldflcber in ehmr dtmatlgen Sbeno arinnom, 
b e fwnri w bel Betrach tnng d urch rin Fernglaa, Jo nach Ihrem Aixtand anfiaHmd 
an die Farboiabalufungm, dmm rinwhw Mantormatfainon vnr ' n^rm AnfhmM iwn 
am Rande Ua sn der 6 Stnnden spfltir crfolgcndcn KuhninatUm nnhaikgen, 

Dai Botreben, ana dem nkht leicht anf fa Sharon Femmhrblld da Man 
roflgfidist vide Ehuribdten heranuholen, hat dasa gafflhrt, dnfi man bd (kn 
Beobachtongen nnr gar sn hinflg bia an die infierate Groom der Ldstmua- 
flWgkrit da Asga gsmpn kt nnd achllfiBllrh in idchHcbcm Mafle diyrio- 
Wltdw FJf e kte ala reeu anfgdafit nnd. ndt anfgesaichnnt hat. G. Schiapaskui 
war da erste, der dk Du Mhm g der venchiedmen ftberans frJnfn nnd adbrnr 
anfkfibeifln HhwThH ten fainwbalh da ockarfaibenen GoUeto acbooiatlriort nnd 
At efa SMmrtriiehn Kefa ngnmda griiigt hat. Hotgegon der londUnDgm An- 
richt antajsishen die & . n iA P A. Mi i iJach cn M Kanlle , ‘ trots finer nnr 

sn einem arin geringen Tell hgeodeddien dnnkleren Schattiomuen dor Mao- 
oberflfldie. 3 e pben viefanebr in der achwars-wdficc Wlodergabe da Bldatift- 
iq jnnm g anch aQe Lidit-, Tan- nnd Farbanwerte in ihron nngefOhnm Bo- 


fatm^iat inf nlflwirann wadger die AstroDomle oh die phyrideghda 
Optik. Dafi nach Sc hupaettjj dkaa Gebilde to vlelen BeobwiteS b&- 
atitigt warden, kt niefat vawtmderiidL Ea Hot In da menadiUdiai Natnr, 
inch bri m fl giidis t objddiva KhwhSfiimg dkSbn*aempflijdnngBn nnbewufit 


anderwdtlg b 
xu aribat hat 


1 U 4 M ta. a. « (19as). 
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dne „Fha» In der BoohanhtnngBknnrt" besdchnat, wenn or anch an der RealltfiJ: 
der to gnr wHHwig umrimBoen Gehflde kamn gsndblt hat 1 . Wlhnnd bd 
SmTAPAgrr.Tj fait fannwr wfn Z mammanhaiig des Bfldos ndt reeHoa Dingen inf 
der Hingtenobcrflflriin nachwcdaber bleCbt, lit tfiaa hei P. Lowkll nnd arincn 
Schfllern oft richtmehr dor Fill Her gehfirt, wie die Rmtographie tmawridontig 
nachgewtaaen hat, dai indite In daa Goblet to SinnatfLaadiniigen. Vor dnlgen 
Jahrm hat A. KOhl 1 , an die von E. Mach nm 4865 antwlckdte Kon trait thoorie 
rflumtirh vertellter Lkhtzdie anknflpiiend, gssdgt, wie rich dlroo annatimchon- 
gen denten nnd dnxch baaondeni anfftlllgc Bdspiale snr Anschnnnng bringen 
lflMor. Nadi dem hbecdnstUmmenden Urtnll aller erfahxenen Boobachter Jit 
nlcht dtnn an xwetteln, daB bd guter Sicht die Manoberflflehe aahr vide un- 
mgrimiBtg geformte nnd obenao angeocdnetn Elmelhdten enthfilt, die nnterhilb 
der Auflflri)arkrit der angewendetmoptiichenlnitnmiente Began. InaolcbenFflUen 
entatehm ImAnga pbydnleglachroptlichfi KontraitUnkn von geomotriKhor Form, 
die mlt der talrijchlichwn Anmdnuug der Details nlnhts re ton haben. Danach 
rind in Znknnft nnr groBe Inatrnmente von atariar angflaander Kraft berechtigt, 
an hgendwelchen wtwmwrhaftlkihen Unterrechongon dor ManoberBlche tntt- 
■anrimwn. Ei lit re gnt wio richer, daB mlt renehxnender Gftte der Defhritlmi 
nnd wacbaandcr Cbnng dor Beobaditor ridi der Heat der gurnnatriiriMn 
Gobllde in Udne, nnrcgelmfiBJgo Sdiattienmgcn inflflann wird, dn Standponkt, 
den a. B. V. Cshdlle 1 von Anfang an v er batim hat. 

o) Die Aufioren Flaaoten. 

10. Jupiter. Auflerer Anbllok. Rotation und Anhaonlaye. Den lnneten 
Planeten Mrnkiir , Venus, Eido nnd Man, die rich dnrch verhlltnfaqnflfllg goringe 
Dlmonrionen, Iddno Mane, "h™* cr faebHche Dichto ananddinen, lm Sannen- 
ayatem anflen, d. h. van nmd dem Stahan Sonnonahwtand der Erdo an go- 
reduiet, vler Planetm groBor Masae, gerlnger Dlnhtn und daber anch groflen 
Vnlnmriw gogantkbcr. Im abtselnen achdnt din phyiliche Verwandtachaft diner 
ftoBoron GUodor des Sonuonrystcmi untor alch nodi engw re aaln ala nntar don 
inneroo Komponantan, bd daB dlo an Jnpitv, dam grflfiten und nlchstan Planeten 
dor Grappa, gowannanen Elnmlhdtm varmntUch In aahr wdten Grunnm anch 
anl Saturn, Uremia und Noptun Bbn rt ra gaa wmden dftrfnn, 

AnBar Man nnd dom Enlmand 1st Jupiter dar dorian nnd lota to Planot 
lm Sommnsystcm, an dem daa Anga stats, mit Dentikhkdt noch Elnadhdten, 
aJaoFlockumrlmn, arkonnon kiim. Ei hindnlt rich debd aifonknndlg nm a£mo- 
Bph&ziacho GebDde, oho Woflmo, dlo dnrch parallel rum Aqoatv vorianfendn 
Strfinmngen dam Plano ten adn bokanotoa goatrdltna Anwnhan varirihen. Halle, 
gdbUchwdBo Jf Znnai" wochaoln dmbd mlt duuUon, hrftunUdian „Bflndem" ah. 
Die Strdfanhildong lit raseban Varflndnrtmgen nntarwarfen, db nach A. Wo*A- 
flCHXK ofno Pariode van 41,8, nach W. F. Dnnmro dno aolche von 9.8 Jahron 
habanaoDcn. Audi dn grantsmflfllgar Wochaol dor TOnung wird bel den dimkhm 
BOndare behaoptot (Sr. Wiluamb) 4 , doch 1st re boochten, daB gonanarn Schftt- 
rengaa dar mtan Jupitcrfarbon an dan Ahllrimn Refrektonm mlt Ihrar unvnll- 
kammanan dhromatiachen Korrektkm ateta wdg revmlKnlg alnd. An Reflek- 
toron nnd Apochromaton vcrachwlndot der gi60to Toll der roten und videtten 
Tfloo; die Binder aowb alio mlt ihnen vnnnndtan Gobflde cnchdnm dann in 
ai nom aattan Seplabrenn. 

1 In amanr Kelt hat rich JL TsOmn vlader IBr Odi gwxnntTiwho ITaiihHain 
dor liunmrl— v|L LlekBoll 13, 8 .19 tiSBI). 

1 V J B 59. 8.196 Hm). * Nm aKvariofll tU kart* ( 1898 — 1899 ). 

*MH59. 8.316 (4899). 
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Fttr photograph! ache Anfnahmm bildet Jupiter dn achr dankhans Objckt 
Im Gegeomix su Man geben acbnn die gewfihnBclxm Brom- and Chlandlbor- 
plittai krtitige Ko ntnii t e, such shid vegan dor raachen Rotation in aohr kmnn 
£wiichenoriten gute atereoakupiicbe WiAnngan andelbar. Bofrkdigendo Farb- 
fflternegutive bat rant R. W. Wood 1 eriulton. TSofroto und vialetto GlAsor 
ergaben die atArkstsn GegensAtse. In dam mittlaran Spaktralgcbiut, im Ultra- 
"violett und beacmden im Ultrarut erb&lt man merkllch flaneru Negative. Be- 
aooden anUaUeod 1st in AnBentm WeUenlAngon die gcrlngo Rnndvordimko- 
famg der H&netenschcibe. Dio Erfahnmgoi Wooua rind inowiachan durcb 
vn a rinlHch vuilkommenara Anfnahmm beatlldgt und ergflnot wordon. Elnorino 
Pfcotograpbien dMLoweQ-ObMrvatorinmB ana den lots ton Jahrcn (Abb. 43 u. 44} 

Btohon an Dotuilrdcbtum den 
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boston Zdchnungon 
nodi nadi. 

Dio WoUcengeHldo anf 
Jupiter slnd so dtffanmtllcrt, 
d&£ rie rich vortrrfflich fftr 
genaoo RDtatianabcatimmim* 
gen dgnon. Dio DarchgBDjp- 
aeltan da: Flocko dutch den 
dor Erdo sogakahrtaa Mlttoi- 
meridlan Vflmw m d nbd gp- 
•chAtot odor basaor dnzch 
miknmietriacbo Manmgon be- 
itimrnt warden. Schon Cah- 
flmi der Altoro steflio aaf 
dkae Wriso dio Doner dinar 
JupitBramdrohung ala swt- 
•chen 9*56* und 9*50* Ho- 
good feat. Gonanm Zairian 
gaben orat 400 Jabro spAtor 
W. Hxrbcrkl trad H. Scnafr- 
tkr an, woboi gkrichxdtlg der 

M . ._ _ - Nachwds goHnfart wunle, doD 

die dn chien^Gobilde ftp flute Eigenbowagung odor ana andcron Grflndon 
veraduedeno Rotationwriten Ueferrf. Die tunfangrrichatcn Boobacfatongun su 
dim* Frage haben J. Schmidt in Atben und St. William in England ange- 
5*^, 21 8^f dura bervor, dafl Jede Zeno und jodco Band dm Jujdtur 

kOTilJlIb 6® botroffandm Go- 
**!?? Ki ? llbcw «8 an ««sn origan. AlaBdspid Iflr dm 
WedMd dm Ro tifkiw mt mlt der Brdte rind hkr die bla 4907 ilgoldtotcn 


■Abb. 13 . Phofay pMMiM J np l tt—tnalnne dml^wwfl. 
Otwentatan 19. OU. 191J. 
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T , 7 “ yovummad* Bretten nach Sr. Williams ndtoatrilt' 
Aua_den Zah len grid bervor, dafi von riner atodgen VeriangBamtmg darUni 

1 Ap J 34, 8.310 (1911). ■ Zaagraphkal Frmfmart. n (1909) 
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drehungBgeechwindlgkdt nach den Palm zu, win so bd der fionnw beobochtot 
wild, brine Redo adn toum. Ea rind alfenkundig Sprftngo vcrh&nden, die bo- 
aondera acharf daa flqnatariato Goblet von den nflrdUch nnd aMHrfr da van ge- 
legenai Stretfen trennen. Der Rotatkmsuntcnchlad van 5 Iflnntan bowirkt, 
daB die dmolnen Flecko in dan benadibarten S tr fl mnngcn mlt edner Sckandan- 
geechwindlgkeit von fiber 100 m andnandar varbdrichcn. In den plane to- 
gniphlachcn Ephcmeriden der Jahrbfcher wird die Phaae der Jupitenotatian 
gegenwflrtlg mlt mi Parioden von 9*50*30\004 nnd 9 k 55“40“,<^2 Doner go- 
redmet, die tflgtirhen UmdrebnngKwinkcln von 877",90 nnd 870°,27 mtaprechcn. 

Spektroalmpbcb 1st die Umdrehung dee Jupiter verfaflltnisnAfflg Idcht nnch- 
wdabor, da bel Planeten bd dor Anfnabmo von awd entgogocgoeetiton Aqua tor* 
ptmkten der vierfache Betng dor llnoarnn B o w o g un g in don DopplerdXokt 
der Llirign elngcht 1 . A. Belofouki* fend anf dUw Wdee 11,4, H. DxBLAnDSxe 
12,1, V. If. Suphku 12,6 km Ifir die Seknndm grmdiwbifH g Wt am Aqnahr, 
gegenfibor dora Wort 12,65 kin, wio er ana dem tflglkhcn Rotatkmawinkcl der 
Flocko In dlceer Brdte falgt 

Die rneche Rotation bodlngt cine atazfco 
Abptattong dee Jupltoraphflioida. Dkeo bc- 
trflgt nach diroktsn mlkrtxrntriiichcn Mce- 
atmgon 1:16,7, wthrond ana den Tjrabenten- 
atfirungen dor Wert 1:15 iolgt. Dio Ab* 
wdchnng von dor Kngdfann int abo echon 
bd eafar echwndien VergrOUanuigan death ch 
skhtbor. Dio Achaenlago 1st ana dor Bo* 
wcgnng dor groflen Trmbanton eedt mohr ala 
150 Jahrcn bokannt Due In den Ephameridan 
verwendetn Richtnng 

A — 17* 53- CT.84 + 0r,247 If - 15H0) 

D-+64°33'34".<S-O",60 (/-iwo) 

goht anf H. C. Damoikead anrfick nnd be- 
darf audi houto knnm door V ia bu ae u r tin g. 

Sio lfihrt ao naho twf den Nardpol dor 
EkHptik, dad dlodam JndtfrtqnatarparaDd 
vnrianlandcn Zanen nnd Bonder nur aohr 

wriebungon vun dor gmdHnlgen Farm sdgen. Alio Roduktianan, die ortho- 
graphlache En burning dar Ehtaolholtan n. a. m. goetalton rich dabor bd Jnpttor 
boaondcra cdnfnr.h, Farmdn ear gananonm Bencbnnng dor aphflroldiscbon Ko- 
arrttnatan an! dor Oborflftcho hat A. Marts abgoldtot. Slo finden rich mlt 
andemn nfitillchcn Forme ha nnd Tflldchcn in av groflon Jupltornibdt von 
O. Lama 1 vnrdnlgt. 

Wcgnn der UnrogdmOlMgkaltQn In dar Umdrohnngaidt nnd wogon doe 
atarken Wochada dor wolkonartdgon Obarfttchongebildo haban dlo Doratdhmgcn 
der JnpltoroborflAdu ana Irfibcrm Jahrbimdarton fUr Rotatkmanntmioc hungM i 
mar gorlngon Wart. Dahor fehkn fiber dan Plano tan so umhaundo blatoriacho 
Dantdlnogon, wio wtr da lB. fiber Kan bad tun. Die dndgo Manographie 
dleur Art dllrfto daa tnnxfidacbo Work van L. Ljbkrt 4 adn. 

11. WolkangebUde und rotor Fleck. HeQlfkdt nnd Spektrum. Aufbau dee 
Juplteraphlroida. Dlo WaikengoUdo enf Jupiter haben nvdat Stratneoharmkbr, 

1 VgL 8. 373. Fafleote 1. 1 AN 199, S, 909 (1896)* 

■ Pnbl Aatroph Obi Pobdam ai. & iBOff. ( 1 JH 1 ). 

4 La moods da Jupiter, aBda. (1903-1904). 
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AUb. 14, Photofrapfaljnba Jnpttv* 
ae fn a hma dm LoM-Obmrvmtadnma 
19 .Dob 1917 . 


goringfflgigo partpaktiviache Ab- 


jg4 Kip, 4 . K. Gun: Die ghyifcmh a Barhettmheit dee Plinotmuytom*. Ziff. 11. 

doch anch i i py n ' T ^rfmivi Kunmhu- und Ziirnafarmcn nobst t)bcr- 

gingen var. D cmer keiM war t fttr (Ait aBe Braiten ndt Amnahme dor nflchstra Ura- 
y>mng fW pda rind krebnmde oder elHpdacha, gjflniwnd vclBe Fleckc. Bbemo 
tretm am Rands der Binder raweOen dnnkle, braun gofftibte Blldtmgon nnf, die 
yUTfaMi t ■hgriWarwTJctowlnderJtipitnratinQaphirp annapbcn rind. Dargrtflte 
nnd baindigriB Fleck dfear Art voids 4878 anf der Sfidhalbkagd da Juplt* 
bsobaditst. Er hatts rich ana dner IflngHchcn, vcdfien Walko uhnlhUdi ant- 
wickdtnndlstindiaerFcsiD anch hsote nodi richtbar (Abb. 43 oboo). An dlcoon 
m hw Fleck" ond an den in der gkrinhen Joviientrlachon Brdtcnlage boOndbchen 
„SchlAr" (anch die „*adtroptoche Stflnmg" gcnannt) knflpft rich due umfong- 
iridie litentor. Dfe Gochkhte da roten Flecks, die bb 4834, vidlricht ngir 
nodi vdter mrtek rdcht, hat W. F. DunmrG 1 baandon auifilhrlkh behanddt, 
wUmnd erfn* Rotation nnd Bi g e nbev e gii ng anch 0. Lohse 1 , H. H. Kmitjumuk^ 
u. a. nntoraocht haben. DleUmdrebnngnrit da dgonartlgon Gobllda bat Jcden- 
fa Tie mtt der Zdt atnrks Wandhugen ortahron. Sis betrog 

4834:9*55*33‘*3» ® t k§ dann W* *859 aol 9 h 55“3ff.3 honuai, 
sank Mb 48 77 anf 9*55"33M» nm 4899 den grifiten Wort. 
9*55*41*,9. in errricben (Abb. 45). An dor Umdrebtmg dor 
Joptsnone grnwm, in der rich der Fleck beflndet, 1st nadi 
« Ti w w i Daien *iwi jflhrlichs Abnahmo dc lovignpidaduai 
Lingo xwiachoi 4834 mid 4885 tun rand 47° jtthrilch in vw* 
xdnhnm. Kadi 4899 macht aidi ein StiDatandUa 4940 bamork^ 









ML 





Abb. 16 . Qliftuiauguii nm ilen niton Ffcfk bet Be. 
ffimma udt don Bchlokr (nech H. K. Lao). 


bar. Seltdetn achretlet der Fleck visder ndt dor tlhm Gochwindigkcdt nwd in 
dam alten Shms via wills, ohne fn*»*H<* nfae Bndte m indam. Bosanden 
harhtnuwurt rind arine Begegnnngen ndt dem Sdilelor, dor flm Jefart olle 
4.9 Jahxe (w 4944 alls 2,6 Jahrs) rinhalt, eh* hlcr vorObargnbend anlstant 
nnd dann uni* ZmftcklaanDg etna merldichen Impalaa an die Lingon lxi w uguflg 
da roten Fledn a ftdhdi nnd nflrdHch an doom Rflndem vmbelatrOint (Abb. 46). 
Ana alien dioen Taiodn im Verrin ndt d* itarken Yartodedichkrit in Um- 
rlfi nnd Fids foigt, dafi die Ifrndifiiiimg in Wiwm Stadium Oner Entwicklnqg 
em OberflAchangefaQde da Jupiter g cm—i aeln kenn. 

da Randrardnnkrinng da Jupiter lit viederiudt Go gen at and von photo* 
metibdien Koonngen gevoen. Zu enrthnen rind s.B. die V«md» voa 


;MK5ft8.574 (ii99). 

1 ub« die Bangui dee n 


B, 3B3, FaBnotoS. 

k> nf dem Flnaisn Jnpttxr. Dim. (1911). 




Ziff. 11. 


Rotor Fleck. HalUgfcatt nnd Spektnun. Anfbeu doo Jupiter. 


J«5 


E. SaiOMfflKBG 1 mid B. Fmskxiofj 1 , die mit Lnmmcrprisma baw. AnaJflacfa- 
kdl die FlflchmhnlHgkrit dor Schdbc gmman haben. Du beats Verfahnm 
gewflbrt die Photographic mit nachtrflgllchar nrikrophotoinBtriaclur AnarooBtmg 
der BUder. Bd Amrandmig vlektivff Filter geben die mlkrapbotametriachen 
Knrven Unga der Iddnsn nnd der groSon Achso dcr JnpiteraDipee den aelektivaD 
HdUgkxdtaeMall nach dem Rando an in granhiochgr Perm wiedcr. Ent- 

f mrnr)mnd tWi phntng rw pHwrhwn Prfnhm n gp n Hefrm HnhH Rot- nnd Ylolfltt- 

niter die atflrkatcn, Grflnfflter dk 
achwflchaten Kontzute, wie a die 
SHAnxYKban Koran in Abb. 17 
zdgm 1 . 

Den HHHgtaritavorianf da Jo- 
piter nach Abatand nnd Fhue hat 
G. MOxxkr von 1878 bis 1890 bc- 
aonden aorgfflltlg bcobachtet 4 nnd 
(label einen geringfflgigen Gang in 
der mlttknm OpporitjonahnlHghrit 
dee Planctcn featgeatellt, dor aich 
zwbt nnr flber Q*,15 GcmmtampUtudo era tree kt, aber rirahaTh bemerkenawert lit, 
well cr mit dor Sonnanfleckanpariodo parallel xn lanfen achdnt. Denarii wfirdo 
Jupiter im Maximum dcr SanncntiLtigkrit anch die grtflte HeDJgkrit arigon. 
Da der akkrlachn JtqdtaraniUnf (1 i*,9) mit der Fledcenpariode (11M) mho 
Qbadiutimmt. nnd nach Eriahrangen an anderon Pianctom dno dirokte Bo- 
xfebung xwiachnn dam Botngo dor Snlnrkmitante nnd dcr mittleren Dppoeltlom- 
hdHgkdt nlcht beatebt, kfirmtn anch an periodiache, mit dem JnpiterJahr in 
Zmunmcnhang atcbcmde Andorangen in dor GrOfio nnd Vertdlung der Straiten 
find aul dir ' Planwfrnnnfrnrfllpiin nnd EH elnfll demit im TiMnwnanhang 

atchcndcn HdUgkaUiwcchaol godacht wordop. Van diacm Gesichtapankto am 
lit die Frago nchan wiedaholt dnknthrt warden, i. B. van A. C. Raityaxd, 
0.I-ohsk 1 , A. Hanic n. a. 

Dio Ffanao kmui bd Jnplter hAchatcna 12° cndchen. Wogen dcr atarkon 
Randverdmikdong dor Sebdbo bodnUniit alo din GqamthnlHghrlt no wenig, 
«laO dor Fhnaoniaktor ent ant pbotodnktriachem Wags van F. Gum kick nnd 
R. Fuagek nachgowicaen werdon karate, Er botrflgt 0*,015, ao daB in Vor- 
Mndnng mit dcr ndttkrcn OpporidonahnlUgkeit dio aid dm Harvardayatom 
rodualortcD, vein Sonncn- nnd Enlabatand onabhAngigon HolUgkaltatormcln 



Abb. 17. YcrWhug cka Llehtaa anf der Jnpitar- 
obarfUuabo, Oboe fit der Aqnetnr-, entoc in der 
Bobkhtnue (nach BhafixtL 


Urn top: 


.-2*29 + 0“,Oi5* (MOllkr, visoefl) 


flg.»—1 “63 + 0 “, 01 5 p (Kma 1 , pbotogmphlach). 


Dio mlttkro photovisnoUo HcSlgkrit fftr- dio gldchen Abatflndo (r a — 5.2028, 
Am — 4,2028) ut — 2", 59, dor FazbenlndsK — + 0*,66. Ala Albedo falgt nach 
H. N. Ruobkll dor Wert 0,56. 

Abwdchnngcn doa Jnpltonrpoktnnm vom Sonncnapektrnm warm achan van 
A. Skcchi nnd W. Huaanra bomerkt warden. Beaandera nnfflUig tzltt bd 
vianelldr Bcobaditnng dn dnnkka Band im Rot bd 618 ftp harvnr. Monaro 
photograpldacho A nfnehmcn van G. MnxocEAU* zdgan fflnf Abearptlonon im- 


1 RiotaaieblHhe nnbnadtnnina fiber Jupiter and des Beiiunjatum (1931). 

1 Die pMAba Bantaffanbelt Am Jepiter (im) (1931). 

1 Herr Ball Hr. 834 (1930). * Pnbl A^zoph Ofae Fotadem 8, S. 331 (1893). 

■ BoUikemp Boob. Holts, a 93; v|L anofa O.MOxxm, Photometric dar OatUne, 
a 384 (1897). , 

1 Harr Amt 85 Hr. 4, a 63 (1933). T C R-138^ a 1477 (1904). 
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Kap.4, K.Gaivy; Dto plijdeim Tlrhaffwitidt- do* PlanofanayitanuL Stiff, li. 


bakannten Urajmngi, danehcn dne Veratflrknng der Wuntdunpfbandun und 
dor Iiriengnippe a. Nadi V. M. Slither 1 haben dlo Bpndfbrhm JapltcrbnixUii 
die WefleaUngai X $427, 5769, 602$, 6192,6465. Sio knanmen aftratlldi, a. T. uogur 
in merkHch veiatflihla r Form, inch lm Spektmra dor fibrigen.SuDcnm Flnjutou 
vor, dock Id ihr Urapnmg nnbdnumt Dm Spektram den roten FIdcJch nml 
der dnaUen Binder wefat anBw der darch die photagraphiflcbcn FDtaranfnahmni 
naduBwienea anhhtivcn Lichtdftmpfnng in Vkdett and Rnt kdne nom*n Aik- 
■arpoan^eUete an! 

Die TutinrnuHriwn Haonngen der Exusghatrnhlnng solgen bel JupiltT 
nidi Einachaltinig dff WaaMnelle nnr 3% Verinat, ao dafi Jnjdhr ah do-1*110(4 
mil dv grategitaii oltrarotm Strahhmg ongceehon werdon kann. Hlmw folgl 
nadi D, H. Hubu 1 Beredmnng due ndttiero Toropcmtor von — HQ* IHh 
— 135“ C, die jecfanfalli mudgt, daD der Fhnet trots Miner Grflflo koine mrrk- 
ficbe Flgnnrtrmri anaatzahlt Dieiei negative Ergobnia lit nnerwartot, da alcli 
gzofie S diwl gl gk etten q rg eb e n , warn man den Vermeil nntemlmmt, dlo Btnrkni 
atmoapblrfachm Strflnnmgen, den ruchen Wechecl in der WaUmbfldimg nml 
■ndexe Dingo inf Jupiter m aidfiren. Die Aailflnmg von ao mnwflhnwk'ii 
Vertnd auDgai in ~ PlaTWCTwfmm«pliiT w dnrch dlo aTUrlnlgn Wirkung din 
Snmmttnhlmig lm fftnffadim Eidahatand enchelnt nlcht rodit vmtcllbur. 
and min war infolgedemen Uihor g nmun gen, die Unache dkeer tnrttukntrr 
Vagflnge in dm nodi nicht vGHlg erkalteten Jnji tn r k ftrp w r xa variegan. 

Ei hat nlcht an Venncheu gafehlt, den Anfban doe Jnjdter tbcorotbri 
an vfaaaen, wle daa in der StBlleraatroomnie bel den Flntanuii mlt no gulon 
Erfblg g r g tihfrt fat. Die gdatrekben GoriankfUgflugn A. 5. Emuxoron fiber ilk 
hmere Strnktnr dm Finterne Bind anf alnm nlcbtgaafiOrmigon odor gar crkul- 
tetsn Wdtkfirper nlcht anwendbar. Dagegen fat am Grand darThoork dor Knl 
flgar von G. H.Dajiwik xmd R. Rabat:* sin SAlnfl anf diu Mimwiiivia liiflung hi 
Imam an* Abphttnng, RotatianagBachwiixllgkett and S cli w er kraft an dear Obur 
fliche mflgHch. lit C des Hanpttrlgbeltiinoment dnea Plano ton, M a*4nn Mum 1 
q adn Radius, 90 fat enter Annahme dn«r beatimmtan Dichtofolge konaontrladki 
Srhirhtwi der Aiudnick r 

s “»? 

hrrrrhmbT 4 . Fftr einen bomogenen Kflrpor mlt konatantor TMrhh, fat S ■■ 0,40(1 
ft* die Eri e — 0,JJ%fttr Jupiter — 0,265. Henna fat onddhtUdi, dafi JupiliH 
one w in ntH c h sllitee Ufiaaenkoons&tratiQn norfi dwm Korn an anfwdm mid 
ota die Erie. 1st <5 dlo mRtkre Dldite dee pfanoten, dg aedno ObnrDflcbontllclitr 
ao fat . 

o^65>oa»5-. 


Non fat 6, bezogm anf Warner, « aomtt d, < 0,9- Dlo tfeldiartlgo Borw* 
nang des G renwmte a der OberflflrhcndlrhtB fftr dlo Erde mid Ihr Vragfakl 
ndt dem ta fa tc hHdi beobachtetm Betrag lAfit ngar darunf achHnflon, dnfi be 
Jnjater dg wesentllch kWtwr awfn dftnte afa 0,9, 

i hnU e h m Weg bat B. FKsEKJfxarv 1 etegeKblagen. Untw dor An 
n a ^ n> ft i dafi die Dfcht e dy dea betrachteten Hanetenkfirpon fan ga der Polar 
achae dun^i Anadrndc 


1 ^L 1 ? t«Ml5 \«a* LBraa, KN yB, B. 77 (191B). 

I li 6 ;. 8 - 4 * N - 1 BA a. a 157 (18SJ). 

1 841 a »♦ 

Wt " a -*“, Joanmi i. Baft 3-4, a 102 (1934). 
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Ziff. 11 


Saturn. Botntlan uod 


3B7 


dargesteUt werdou lama, wo b einen beatlmmtcn Hittdpanktaabat&iid and k dJo 
Lingo der Polarndno bedcnten, hat er geaeigt, daB a roflrilch 1st, anf Gnmdlego 
der Bedfogungm fflr das hydrostatiadio GUchgowicbt So balden anbekannten 
Parameter £ and l sn beatimmen bzw. In aohr aigo Gnjnxon dnsmdiHe&en. Ea er- 
gfbt aich aof dtam Wego fftr die ana tfkrometgn na aangun folgondo Abplattnng 
(1 : 16,73) nrit l & 2 eln Wort f 0,95, warnm falgt, daB die AuBeren Schlchtnn 
doa Jupiter nor 1 f m do* sentralen Dlchte habon kftmen. Danach wflre die Ober- 
fllchr (lea Plane ten nicht ok teat oder flfiarig, aondcrn nntcr alien. Umstftnden 
ala gaafflcmlg anzmehen. 

IS. Satetm. Rotation und Oborfllchandnarihdtan. In dcm groflen Ab- 
stande, den Saturn badUa g cgon flbtr der Erde dnnlmmt, lot die Erkcmrang 
I rg on d w d cher banakenswwtsr Ktimlhritaa anf der ObaHAcho wedcr anf 
vfamellem noch anf photognmhfadinTii Wego an crwarten. Ahnbcb wlo bd Ju¬ 
piter achslnt dno WoIkaiWBe Tcrxnliegen, die, durch die raacbe Rotation nHt- 
gu ian en , die dutflnlge Stzdftmg der Satamachofbo h mviaruf t Gut ertennber iat 
dtota ehio hdle, golbo, Iquatorimie Zona, an dio rich nflrdHch und aOdlich dunk- 
lore grane Gebdeto anaefanefim. Die Palgcgenden crachcdncn mdat unguwtihnHch 
dunkel. Bin Wcchad dfeata AnbHcka lat aft jahrrwhntdang uicht an beobachten, 
ao daB otwalgo Zirknlatlonen in dor Saturratmoaphflro aidi in wdt ruMgaren 
Formon abepiolcn ak bd Jupiter. GroBe, nadi vcrgflngUchs boDo Flecks biotan 
liht und wtedcr Gelegonhat an dner Rotatkmabestlmminig. Sdcbe GeUde 
habon a. B. ura 1794 W. Hksschkl die ante Abldtung dner UmdnhnngBdt 
van 10*4 6 " ormOgllcht. Wdtm Beobacbtungun diner Art liegon nnr noch 
van Undo 1876* und vam Jnnl igoj* vnr. Ana don bddsn Erachdmmgen «bd 
fftr tHfl dmjnocantrlacben Brdton 30 ° bia 35 ® und Q* Rotatiooen van 10 b 14*2J B ,8 
law. 10 il 3 7™5 5",2 abgddtot warden. Obwohl nnr (ting bddan Dutcn vorikgen, 
win ca mOgllch, am ihnan an achHofion, daB' Ohnlfch wto bd Jupiter each bd 
Saturn zwd Hanptpcdodm die Umdruhung beatbmncn. 

Dio Randvwdnnkdiing der Satnmachelba 1st ao botzftchtUch, daB dn mfirk- 
Hcbw Knoffldant In da hflehatena 6 ° umf—endon Riaao nteht an crwarten lat. 
TaMchlldi lmbon J. 1C. Baldwin 1 1907 und C. Wan* 1921 bd v ca a di w nn - 
danom Ring kdnon Elnflufl dor Phaao anf die achdnbaiu Edtigkdt da Pknotan 
fcntatuHau kflnnon. Anf den ndttlorsn Oppodtiomabatend reduxiort, hat dcr 
rlngtoao Saturn riota die viwuUo HolHgtaJt 0“,79, dio photagraphladio 1*,88. 
Dio phntuvimdlo Grflflo hat K. S. Ktkq* abgddtst, do llegt bd 0*,65. Din 
Albodo lat aohr batrflchtJlch und botrtgt uadi H. N. Russell 1 0 , 63 . 

Pie Abplattnng da Saturn kt nadi ndkmmotrtocbcn lfcumgm ao 1:10 
bia 1:11 bustlmmt warden. Slo lAflt ddi aocb dynaxnkch am dor Knotan- 
bewugnug von Mimas, Tothys und Rhoa und ana dor Apdckmbawugung da Titan 
aUd ton und orglbt dann BbnUch wlo bd dnu Jupiter tmbantm otwaa grOBero 
Worto. P. Stboobakt 7 [and a. B. anf dioem Wego 1:9,74. Dkao Doton pam 
In VadSnclung rail dar Zeit dor Umdrehung noch wenlgcr an dor Rotation eina 
homagenon Kflrpora, ak dicabd Jupiter do-Fall lat (Ziff. 11). Nadi H. Jdtrxyh 1 
kt nflmltch bd Seium _ 

S ■■ ■“ 0,198, 

m daB dio Oberflfldiandldito gcga iB bcr dam Korn Her nodi wdt gerfngor, 
jcdanfalk woonttich kldner ak 0,3 adn nmB. Dio ana dam cntsprochonden 

* A. Hall, AN 90, a US (1877). 

■ N N 08. a 368 (IQUfi. 

• Hcrv Aid 85. Ifo. 4 /a 63 (1«3). 

T CR 173, a*H3 (1921). 

as* 


1 W.^Donn, AN 163. a 191 (IpUO). 

* AN 318, a 17 (19U). 

• mV B+, a 534 dm). 
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Bcfund Ixd Jupitor gezogonen Scblflne linden duller In noch hflborcra VaBn 
uif Saturn Anwcndtrag. 

Die bcsofidero Anbnericaunkeit, din dem Saturn in der Astronomic m- 
komrat, hutrifft in orator Xinlo das Ringiystem, du ihn in dor Aqaatorebono 
umglbt. Trots wiodacfcoLt vormuteter mehrfncher Tdhmgen (Thouyelot) liDt 
rich (inch haute nnr dn achmaler flu Borer Ring A von dnem bna tc n n i B unter- 
■ctwhlan. on den rich der van J. G. Galls 4838 entdeckte Planing C anschUefit 1 . 
Zwinchcn A nnd B ttegt die 4" ■= 7000 km breUe CABflnnacbo Spalto. Doneben 
teilt dn groncr Strich, die aog. Exmacacbe Tedung* den Ring d in swd nngkdcho 
H&Uten, wflhrond oaf B dn heller laBercr Ring unvermittelt in dnen dnnkleron 
innenm flbeegeht. Scrwcit xuvudflndgo Beobochtungen vurllcgen, troton Ando- 
ranges btabstans in der Dentllchkrit der Trennangcn inncriialh von A and B inf. 
Im ftbrigem umgeben. die Rings a tots in gleicher Gestalt und, aowelt Moesongen an 

groBen Rofnktarun dn Urtdl sulanen, 
in genu konsentrischer Logo den Ducd 
U htefonnkt chmahmcndini Plano tm, 
Dio Dimcnrioncn des Ringiyatora 
rind nlcht nnr lflr den Aatronomcn, 
sondam inch far den Astrnphyrikor 
van InterBase. Die Hanptdatnn rind in 
der nebenstehonden Told nach hflttri- 
bOdtmg der bddan Mcmmgxrrihan 
Dybok-Lkwib and See 1 vaRdchnot 
Fflr den Anbllck dm Satarnsyitcma 
von dor Ertlc us 1st wiedar die Rlch- 
tnng der Polarndan miBgcbend, dla rich am Rlnglago and Satdlltcnbabnen schr 
genon abldton Rflt. Bins Position Uogt nach H. Struve In 

i4-36°42 r ,0 83 * ( 1899 . 0 ) 

nnd bedarf bb inf w l te ree wobl kamn dner nenncnswcrten Yerbonurnng. 

Bio photngraphbchan Aufnahmen dm Setumsystams rind in den boidon 
lot*ton Jahrsohntan aowelt vervollknmirmct warden, dad goganwflrtlg die Wiodor- 
gabo der normahm EhneJhcrltoo, also der HdHgtattaabstnlangcn oaf Kagd und 


DurelimoMorvorte dot Saturn- 
■y atoms. 



— _ 



Rlng.d, aaOan 

40 W 4U» 

Bln* A . lamm. 

34 .738 

Mtta der Casusi -Td l*nf 

34 ,244 

King 31, aaficn. 

33 .722 

King il, innefi. 

Flaning, ianen. 

25 ,790 
ao jem 

Aqnatnr. 

17 .497 

Bntattnnaachi. 

Id .793 



Abb. 18. Aafiaabaao da flotaxn tin l^wvU-ObaomtsrtinD (FlagatsU) am dan 

Jabxan 1912 and 1915. 

Ring, des Plorrlnges, Jn Belbst der dflmusn Rjn gkan to am die Zdt del Darcb- 
gangs darErdn dareh die Ringebene a. 1. kdne besondenm Sdhwierigkdtcn mchr 
berritnt (Abb. 48). Wl see n a nh a f t Hdi wartvoQer aind Ffltamnfhahman, in dona 

1 A If 32, S. 187 (1B51). • AK 13. S. 17 (1838). 

* VgL S. E. Hassasd, Ap J 4a & 266 (1914). 











Ziff. 13. 


Die phyriaoha Boachaftanhoit ika RinfMyvtmu. 
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andi hier wicdcrR.W. Wood 1 * * die ento orfolgrdcho Anregung gcgoben hot. Seine 
am Princeton- nnd apUer am Mt. WDaon-Obsffvatarium 491$ mlt vendckeltim 
Spiegeln begntrocDcn tmd von V. M. Slither, W. H. Weight 4 n. b. Im gidchon Slzrno 
fartgefflhrten Ycnmchc goben In den sehr eng anegcwflhlten Spoktralgehiotcn Ihn- 
Ucbfl Unteraddedo wlo bd Jupiter, doch Bind dlo Abwdchnngcn In den ebudnon 
WeUenltngen nlcht gens so itark wlo dart. BaaoaderB bemerk uua w urt an dJoaon 
Aufnahmm let das Auaaohen des Flarringea C. Im Ultnuut orachelnt er but 
darcbelchtJg, wfthrend Im Ultravldatt an ulnar Stella rin bred tea, dnnkloa Band 
aoftritt. Die Durchlladgkelt niramt dabd riemllcb atotig an, jo welter man 
afch von dem Violett nach dem Rot sn entfemt. Dee gUriche gilt fflr die hello 
AqnaJonraoo dee Flanoton. Slo wird mlt abnehmender WellenlAngo lrnmcr 
dnnkler, «u Wood In der Weleo in crklAren vcrrocht hat, dafi der Planing 
ale bnrite, dlo vldctten Strahlen stark dflmpfcndo StanbwoOce bis inr dgcntlkbcn 
Planetenoberflicho rdcht. Dlo AbechattWnng mlt ninchroendem Hlttelpiinkta- 
ahatand let im Rot am ktflrkaton, wfthnmd nmgokchrt Im Ultmvialett me Um- 
risee anfierhalb der onrflhnton dnnklen Aquatorxano nnd dor FolgeUcto rand- 
acharf anfgebellt cnchemen. Beeandera dgenartdg let dae Verbal ten doa Ring- 
ay a teiu a A nnd B an! den FHtcranfnahmcn. Wfthrend Ira Ultrarot nnr der bollste 
Tell von B otwa in dor Intanaltflt der dtmklon Binder anf der Planetnnlmgri 
hervartritt, cnchdncn im Ultravlolett 
die balden ftuficrcn Ringo in dner Heliig- 
kdt, win lio kdn Gcbiot der Satnm- 
oberilAcbo aufwdet (Abb. 49 ). 

Du Satamepcktmm 1st boaondem 
oingehend von V. M. Slither 1 trateraocht 
warden. Dlo Aufnnhinon argaban HiinUrii 
wlo bd Jupiter bandonartigo Abaorp- 
tkmcn bcldenWcflcnlfLngeni 5430,5592, 

5770, 6445, 6493 nod 6450 sowie dno VaatArknng dor Ho-Iinlo, Im Ring- 
apuktrum fnhkm dloeo Einrolhdton vollatflndlg. Nach B. Lyot 4 treton anch 
Im Pnlariakop doutllcho Untcrachlcdc swiacbon Ring nnd Hanptkflrpor anL 

IS. Die physJeahe Baachaffanhalt dee RJngiyatemfl. Dlo Frago nach dor 
Natnr (lea Satnrnringca hot nchon dlo Aetronomcn dca 47. raid 48. Jahrhxmdorta 
hoKhftftlgt. Dio Andcht von G. D. Cabhdu: „On pent done aoppoaer avee boon- 
coup do vraincmblancc, quo l'anncan do Saturao at fermd d’uno inflnltd do 
potlta plnnttcn fort arts l'uno do l'antxn" vomnehto ohno nflharo Begrflndung 
lcdidlch dae UnguwfihoUcho dor Enchdnung piandbd an moeben. Dlo mneha- 
nbwUnmA^dilmlt(dnalraijichwobendonlahm*Rlngahat anorst P.S. Laplace 
erkannt. Er nahm (labor an, dafi dw Ring ana dner grofioii Anaahl von konxen- 
triachvn nelir nnbaxnngoncn Rolfcn ana fee tor, ovtl. aneb fltaigar Matcrlo be- 
fftcbc. In lueandara dngohandar Wdeo hat dlo Frago nach der mcchaniachcn 
Hflgllchkait aolldor vondnandor gotronntcr Rlngo G. A. Hum 1 hehandelt, obwobl 
•chon 46 Jahro frfiher dlo bcknnnto MAXwiLLacho Untsrvochung 1 dor Annahma 
dner motceiadien Kanatltution dlo grtfito Wahradidnlkhkri t vorachafft hatto. 
Ale cndgfUHga Ergabnie dor meebanhehen Tbeario burn nnrh C. Maxwell dn 





Abb. 19. FUtanmfnaluDao dm S^sxil 
Links nltxarUett, xaohta ultmrot (nach 
W, H. Wnoirr). 


1 Ap J Mi 8. 310 (1911) and Ap J 43. 8. 314 (19ifi); a. snob O. A. Ticnorr, Polk Mitt 

4, a 73 (1911). 

■ PnblABP 3 % a 331 (1927). * Lowoll Ball Nr. 27 , a 173 (190fi). 

4 CR 179b a884 (1934). 

1 Mrooira snrka eon dltk wa d'dqaUlbfi ot —r la oatnra dsaaneuK do Salsina ( 1872)2 
a anoh H. Bnuon, Idndnaa Stsmfdxr. 34, H. 3, a 161 (1894). 

•. On tfao Stability of tba Motion of Satuxna Uinp (1856). 
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Oy riYwn anpnwmnwn aHr Am, dai ana diner nnbotiminten Ansahl nkht zaaaimiwn- 
Mn fnAr stttcha besteht, die TTP >1 Trtbantenart don Plane ten innknrlam. Dial! 
Stflcta VBnnwn in »jiw AnnW achmalnr Rings angeordnot adn odor ddi nn- 


narfmflflig dnrchdnander bewegen. 

Die pr ahtbrii bedentendaten theorotlKhen Bdtrflgo xtrr Frngo nncfa dw 
Kom titn tiop dee Saiunuinges bat in mohreren Arbdton H. Sbkugkk 1 gdloforl, 
Indem er neben den idn roediinbchm Gerichtaponkten much daa BelcuchtraigH- 
gnet* der Binge in den Ends dor Botrachtnngen geaogon hat. Beetoht illr 
lUxwxLLadB Tbenrie za Recht, ao nmfl ei mflglich adn, ihro GfllHgkrit ana dum 
rfmtnngtriadim Verbal ten da Binges in den verachlodonon Ndgnngnn unci 
PheMwinkdn xa eneben. Die van Sskliosb entwickelte Thcario dor Boloncb- 
tang stanbfflrmjge r taanhcher Mneaen fQhrt an dam Ergobnin, doll die Jowdllgo 
HdHghdt I da Saiurnsystems dun± die Gldcbung 


I — *s + by 


Oder in GrOBenkleaaen dnrch 


H - -3,5 log (•* + by) 

botimmt wird, wo s and b vam Elevmtkmiwiiikd« dor Erde und vac da Phuau 
■hhingtg w, snsTsidn mtnehmbare Grflflen dnd, y dio aaf venchwnndxmm Bing 
baogeoe HrfHfl faJt da &tnm bedentet and * — y ■ const lit 

Die wkhtigste Fdgenmg bus den Snu flas da Untenmcbnngon llagt dnrin 
entheltan, daB der Bb^ imter Voranaebnmg dor motearlechan Konatitutkai 
Ufw« Wecbael da FllcbenbdH^kdt mlt der Ndgnng sdgen derf, dagogan dnun 
a hemdap PhasenkoeilMexitan.bedteen nmfi. Bddo Falgornngan warden dnrch 
die Beobachttmgen geoan Iwslll Igt Anf die unverflndaiicbo Flllchenhalllgtiitl 
da Binga trots venchiedflaer Neigxmg .wardo achon F. ZAlutki anfmcrkHtin, 
und den sbetaUcfcoi Phaaenfaktor kermte G. MOller 1 in adner photomotrieehcii 
Beobachtunprdhe da Fhneten xwiachen 1877 nnd 1891 dontfich nachwdawi. 
E.S.KDTOB photognpidache und F, Guthhickb Hchtelektdacho Mea wm g o n hulwii 
das Rfniitmt beatfttigt Fine Beetnfln*ang dnrch daa pimtamotriache Vcrtmltcn 
der Satnmkngd Uegt ddit vnr, da bd dieaor, wie arwihnt (Ziff. 12), der Phaarn- 
rfnfhiB vmschwindend Iddn 1st Wird die Einwirknng dor Ringnrigung c gugmi 
die BEckrldxtnng, die 28° errdchen kaim, nritberttckrichtlgt, ao oriifllt man lOr iflc 
( Vn»mHWKg fa4t da Saturn in den Gnmdabatflndon f # — 9,5588 nnd B.SJHK 
die Formdn: 


- +o*,79 - 2",5965 dn* + 1*^526 da* t + 0*,0456 p (MOllu, viiudl), 
+ 1 .88 — i ,626 dnc + 0 , 0419 ^ (Kj*q, photagraphtach), 

——2 .5 log [0,1656 m + 0.4165 *] — 0,16 (SmiflM, Tbeorio). 

Im Veidn mit dem photometriachen Behind hat daim der Dopploroffrkl 
den endgflldgen direkten Bewda fftr die Znaarmnenaetannig don Satnmringa aus 
getreuntenTeOdm gridefert Dieersten w pwlrfmgf phlarhim Anfnahmen in dionum 
Zweck mit der Spaltodentienmg lflnga dor grrocn Aohae von HanotankugU 
nnd Bin gm u jektkgi dud vtm J, K, Kmn 1 am Iick-Obaervatorinm auagnlfthrl 
warden. Anf den Anfnahmen eraefadnen die Abaarptiandlnlen da nrfldrtiortun 
Sacnen^g k tnn na geg mfl b er dem Veqgldchapektram tmgldrfimflBig vmdioU'i 


> Mlnohsa Afah. d. Bsjr. Aksd. d. Wtau TL Q M it, Abt 2, 8.40J (1887) o. IB. Abt. I, 
3. 1 ( 1893 ). T—m— lhMiisgie G. Mua, Photwatris dsr GUnio, 8. 86 (189T)! *■ sadi 
E. Bnmnna . rhntawM so h s TTstnohncn ftbw TnpKer nnd im.QalbmmytAmn (1W). 
■ Pibl Astnipfa Ota PcbdBxi B. B. 336 (1893). *Ap J 1. 8.416 (1893). 


lift 13. 


DU pliyUch a fkshsffnnhrit da Rla pydi m, 
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nnd brim Obergang vom Ring sor Kngol geknkkt (Abb. 20). Betrechtot man 
nor Am Dopplenfbkt ds Sings, n tritt >m Inwrm Rand am attiiaton, 
am AnBenn am achwflchaten anf, bo dafi daa Rlngaystom hmen dno grflfioro 


! 


'Ill !' ■ I 

r -• ■>< ku .«r 

! ' li; I rj. 


Abb. 20. Ndgnof dec LinUn 1m Spoktram da Qalu nnytamia (uadi V. If. Bunnu an 
MxwcoMB-BjKauiAn,' PopcHis Aatnauxsda, VII. Ann. ). 

GschwindigkEit adgt ala anflcn, mi mit dnor {eaten Kondtntioa nnverrinbor let. 
7 nm lIXCD gOTBn K flrfm ril fW TWUWngun irrif Aim dri ttB B KlFUBdUB GflHtl 
iat lodlgHch m beechtcn, dafi far die Unrianfcrit T dues Trabanton um rim 
Hanptkfirper die Qridnmg gilt 

wo o ebe von dor Mase end den ange* 
nornmenen Kinhdton van T end r ab- 
h&nglge Univumlkanatante bodontet 
Dcmnach iat dleGschwixidlgkalt * ains 
Singptmktea in flnor Boariinng mm 
Kadhnvoktor r gogoben dnrch: 

„ a«f .?» 
t "fit 


Fflr die Bohn ds SatriUtm Mimas jJ 
(T-W45Cf. f- 185370km) 1st logo 



4,01744 — 10, nomlt far daa Satnm- Abb. 21 . Doppfaraffakt ha BpaUnm dm 
system MQo Sstsnnin** (nub J. H. Knm), Links 

a k* km/aec, 0«t-, roehta Wastnual 

Noch dur his lalgandGa Obanlcht 1st oln Vargiridi dor arstan von Kia c m 
aus dom Dopplcroflokt abarixdtotca Geachwindigfkdtan mit dan beroebnetsn 
Wertan mflgllch. Dio guto Ubcnjiiistiiiinnmg mit dar Tbeado 1st dnrch sp&tan 


Frit fcs a s-sm 


—■-T* 

- 

Anfion Xante de Blagai 

138000 km 

16,(1 km 

| km 

Mtta <Ui Hlnfl^stmiB . . 

114000 „ 

1A3 

1 17.9 4 

lenora Kmeto das Rings S . 

90000 „ I 

20,5 .. 


Aquaturpankt d* Hisrisn 

fioooo m ! 

t»W) .. 

1 94 » 


Wedarhohing dor Spoktralanlnahmcn nnd Heaaangan van W. W. Campbell 1 , 
H. Dxslamdus 1 nnd A. Belopqlhh 1 bstfttigt wardkm. Da die Union 1m Spok- 
trum dm Sings atotlg gakr&mmt eraebrinen, gilt dor Nadnvnla niejit nnr far dkr 


1 Ap j 2 , a. nr (1895). ■ cr iao, 8.1155 (iB95). ■ an 139 , s. 1 ( 189 $. 
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in da- Tobello b er vorgebobenon Punkte, aondan fftr allc Toilo dca Rlngayatoma. 
tJberaH erglbt aich. da Verhflltnia da Geachwindlgkciton dlo RkfucbscIv) Bo- 
de hnng ; _ 

Wf- 


Die Andenmg da Geachwindigkcitsn v prepoi Unnal dm Raflinn r, win do etn 
farts Rin gsyttgin toih iUI , kotnmt fiberhanpt nlcht in Frage. 

Die Geachwindigtadt dnea Aqnatocponktea betrigt nach tier RotaiJona- 
periode von 10*14*23*, 8 rand 10,3 fan in der Sekandc. Dio Zahl ldmmt mit 
dm apaktragraphlach onofttelton Geechwindigkeit ( 9,8 km) gut fiboruin. Dor 
Vergfakh mit der fftr dieeen Mlttelpanktaabatand gnrochrietcn Bahngoocbwlndig* 
knit (25,2 km) zdgt, dafl die Bewegung dues uranittolbar fiber der Saiurn- 
oberfllche nmlanfendcn Trahan ten 2 1 /|inal grfifior wflro ala dlo Umdrohnnga* 
geadnrindigkeit der Kn gr .l. 

Zur BrUftrung dff Grawn and dor Lflckcn 1m Satumaystom hat man 
frfiher.anf liters Arbdtm (D.Kisxwtxjd u.0.) sarflckgndfand, die aog. RocHncho 
StahOitUagreaie 1 and die BahnknrnmenturabflltAten mit den Trahan ten ver- 
antwnrtUcn gemacht. Nodi in neuerar Zelt hat G. R. Goldshbouoh 1 dm Etn- 
fluB der anf die clnadnen TeUungon dca Ringea unt c r An- 

nahme aeiner Z na i n i nmin t inn g ana girrirh groflen, rich in krdaffirmlgm Bahncn 
bewe gen den TeOchea nacfa gep r flft and gefanden, daB die AnBoru Granm dca 
Ringaa A and die CAflannache TeUtmg sidh anf lfl man, nnd die bed don Radlcn 
dea Fkrdngea anf Rhea tow. Diane zurfickffihrai loosen. Dan Ergcbrda dteaor 
trod der llterm Unteraachnbgm RBt rich aber, vrio G. AsULLTgi* an dam 
flhnllchen. flcfapfal im System der kfainen Flanotcn gosdgt hat, nkht anfrocht- 
shalten, worn bd. der Stflnmgarechnung GHodcr hfihenx Ordnung bcrllck- 
richtigt vmd m. 

Sehr msrkwftrdigB Ezachehrangen, die offanber obenfalls mit dor phyriachcn 
BischaffmhHt dor Satomringe xnaammcnhAngcn, troten In dazun Kantanlago 

dn, die stefa. oDe 14 bia 15 Jahro wiodcrbalt (1907, 
1921). In der imraar achmaler wmdondan Riog- 
projoktkm bOden alch dann aymmotrlach sur Saturn* 
kngri faring Rnoten, die an dor Stella dor fibliehen 
MaximsHntenelat dca Rlngcs liogon, aolsngo Sonne 
nnd Erde fiber der glcichan Kbono deeaolbon, also 
bride ent w ud er nflcdltch odor afidllch vom Saturn- 
Iqnatoratehm. Golangt die Erdo anf dlo NachtaoLtu 
de* Ringaa, aobldbt dosaen atdchartlgD Projoktion 
anf dem HimkUn Hhnmolahin torgnuid trutadom 
richtbar. An SteDe dea dnm Knotunpaaroa tretrn 
dann abar swri anf, die nach Meonngen van 
E. C. Suphke 4 nnd K. Gxavt* nnnmehr mit den 
aonst achwfichaten Stollon doe Rlngcs, nlxnlldi 
nrit der CAflgpci-Tirfhmg nnd dor Aafiaon Kan to 
dea Flaring®, fibendnrtmmeii (Abb. 22). Warn die Ringobeno g enan dlo Erde 
paadert, d.h. mit da BHckrichtuug efaenWinkalldainer ala otwa 0*,2 dnacblieflt, 
vaadiwludet anph der feine Lichtftridb. nrit tfan Rmjfaa vollkonraxm. 


-o- 



daeBw, antaa sal ltn chl a- 
deaeo Sittni dar Blagsbena, 


X dmtache Axmgnbo, & 334 (1911). 
■ Menti s 3a. S. 73 (1923). 


1 VgL G. H. Dakwiv, Ebbs uad 
1 MTbaA 223, & 101 (1922). 

4 Pop Aatr 30, S. 8 (1922). 

• HamtefNltt 5 . Mr. 15. a. » (1922); rg L uoh dk etwM sbvdohoid« Eranbnfai 
wo H.K.BUKUD, UN 68. B .346 (ijoj- ^u™**^*. 




zm. i4. 


Urania and Noptnn. 
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Die ErklArung dieter Kanionerachdnnngen anf dcr Nachtadte dot Rlngcs 
1st nlcht dnfach. H. N. Ruasm. 1 fflhrt ale anf roflektlHrtea Licht dor Saturp- 
kngel zorftek, doch lit ca merkwftrdlg, dafi dann gerado dJejorigen Stdlaa 
idchtbar warden soil ton, an denen die Materia am dOnnetcn vorteflt 1st. Dio 
naheHegende BarmakdocIm Aimahmo, daB dttrch die lockers ton Zonen dor Ring- 
materi a ScmnenHcht drlogt nod die Partikel der Nochtadto crhellt, atflflt, win 
W. H. Weight 1 hnrvotgnhoben bat, gidch falls anf Sdiwiorigkeiten, da a. B. dlo 
Saturn traban ten bdm Faaderan dea Rlngachattsns itets vGHig unekhtbar hlefben. 

Aber nlcht nnr In dleaar besoodnnm Lags bietot der Ring Erklinmgiechwierig- 
kdton, Der Kon treat dee hoflen fl-Ringea gegen don dimklen C, adno nngo- 
wflhnUch boho Albodo von u. a. alnd vadAnOg phyrikaUach nlcht recht ver- 
■ttodUch. Urn dm Fngcnknmplox rinheltHch an lflsen, bat R. Bibkeulhs 1 dlo 
Hypotbeao onfgcstcllt, daB die Rlngo ana Elektroncn beatohao, dlo vun Saturn 
atugastoOen wurden nnd dnxdi Empfang nnd Roaonana dor Sonnmstrahhuig 
lonchton. Die spektroakopbehon Beobachtungcn nnd dlo Schattenphftnomeno 
laaecn jedoch kdno emata Dbknarian dleaar Annabmo an. Der Gedanke van 
Boriohungan zwhdhm dem R in ga yt nm nnd dem Strahhingadmck dei Plane ten 
flndot rich Obrigena aoefa bed K. Schoenberg 4 ve rtrote n. 

Obcr dlo GrOOo dor dnadnen Bostandtrilo dca Satnmringoa lat nlchta be- 
kannt. Dlo beobaebtoten ThnTbllprigkinl^ Materlo trad dlo 
Albedownrtn pnaen aber nlcht recht sn SatoUltandimonalanen 1 . WahnchdnHch 
haban dlo Ktirpar etwa die Grtflo von Moteoritan, da felner Stanb v aramtHch dem 
von dor Sonno atugebanden Strahlungadrack nlcht wlderstohon wftrde. Dio 
Hauptmann dor Partikcl vartdlt rich affenbar aehr vuflknimncn In eka* Ebone; 
da mo Ringkanto tmta Bckmchtnng (lurch dlo $otme anwoUm vonchwindet, 
lat £bro Dicko knnra grflfler ah su 20 km ansunehmon. Ffir dlo Geaembmaao 
doa Rfugsyatcms lannn rich nor Srf iai m ngnn urffthnm.. Bessel glaubto dafftr 
nodi otwn l /ua d** Satummaaso anaotxen su dOrion, dagogen lat H. Struve* 
bd ndnen Untonmchungnn Obcr dlo Babnen dor inneren Satumtrabantm zu 
cinom wdt gcringcren oboren Grenxwcrt gdangt, der vtm dor GfOBenordnnng 
V * m Brin dflrfto. 

14. Urenufl nnd Neptun. Dio briden (UiBentton Flam tan dca Sonnonayatnraa 
bbtm font nnr noch vnm Standpnnkto der Photaraotrio nnd Spoktraluulyno 
Intnnwo. Bd beaten Lnttverhflltnlaon ht an Uranna bd gOnstigor Achaanlago 
noch dlo Andootung von flqoatarlakm Strdfcn nnd dm Abplattnng cHrokt wmhr- 
nohmbor, wflhnmcl bd Noptnn, ahgcaobon vom Durduncn, anf dlrektem Wage 
kamn nodi Elnxdhdtcn an gnwinnon alnd. 

Die auf dur Horvanl-StumworCo vorganomnxmm Moasungun der Uranua- 
hoQlgkdt 7 crgoboaln mittlonsr Opposition dlo Grflflo 5*»51, wflhnmd dlo ant- 
spredund rodaslortcn MOiiXBflchan Warto dor Fotadamcr Rdho* one den 
Jtthran 1878 bis 1888 anf 5",74 fObnm, Dea arithmethcho Mlttd 5®,62, daa 
fOr r f — 19,191 nnd A % —18,191 gtlt, lat domnanh noch debt ao genan faat- 
golcgt, wio dies wQnachorawtrt wire, obwofal ca dnrch dnlgo Schltanngcm von 
C. Worn, dlo bd (idcgmbdt der Konjnnktkm dea Plano ten ralt dnom Stem 
von nahu giddier Hdllgkdt aoagof&hrt warden, fait goopn boatfltlgt wild. VW- 
Ickht ht das Lidit doe Unuma inch otwu vcrindcrilch, In den erwflbntm 

1 Ap J a?, H. 330 (1908). * Ap J 37. 8. 363 (190®. 

* CR 153 , B. 373 (1911)* 4 Brgm* 6. waktan Hatarwhk 5. 8. 39 (ijjafi}. 

* Vgl. L.I1IBA, Ap J 30, S.1 (Wrt. 

* Falk. Ota. 8am]. I (1888) nnd Folk. PnbL IL Bor. Bd. 11 (iBpB). 

t HarvAns 46. Part 3, 8. 303 (1904). 

* Fnhl Aatzopfaja Ofaa Potadam 8, 8.348 (1893). 
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Potsdanur Mwangen bt a. B. dn Gang angedeatot, dorart, dafl dio abgnlriteton 
GrAfien van 1878 Us 1881 wachsen and vm da an wieder abnahmm. Bor Untor- 
acbted 1st racht betrflchtHch; swlacben 1880/84 and 188$ betrflgt or genan 
V« GtA BmUmm ( 5 *, 47 bxw. 5 *. 73). Fhotographlach bat E. S. Kdtg 1 ab Jflttd- 
wort dec UrsiminrillgkBlt 6**25 erhalten, so dad dn Farberdndox yon O* 1 ^ 
vorilegt. Din Albedo entapricht mlt 0,6) aehr nahe dem bd Jupiter gcfnntkmon 
Wert. DaB bd dec BerocJmnng dec JewriHgon HelHgkdt der beddoa OnBentcn 
Flanetax die Fbasenwinknl bertdta ohne jeden EinfluD rind, braocht kanm 
beaanden erwflbnt so warden. 

Du Spektram des Uranns 1st van V. If. Supher* swbchai don Wallon- 
lAngen 4647 ond 5910 genan rr antersacht wonbn. Die Spokttognunme raigon 
gogen Satan due Versttrknng der speriflschen Abeorptimon, db bed 510, 543 
and 5 77 pp Udte Bander buden. Die BahnerUnbn Ha Us Hy erschdnon 
Tn»rVHoh Yen rtl rfct, such D % and X 6680 (He?) rind nachwdsbar, obi Ansrichon 
fttr die Ztmshme der Idchten Gose b dm PlanetcnatmosphAxcn mlt wachsondem 
Soimmsbetand. Trots des hoben Farbenlndex enchdnt der Hanot lm Focn- 


rohr bULnlkh, Da bed bnraer nodi racht erhohllcben HoUlgkdt koine 
Uraache fftr rinen Puamja-Efiekt vcaiiegt, 1st der Grand b don starken Ab- 
rarptkmm im GeUete der langen WeUen sa erblbkan. G. Tichost* hat die Farbo 
des Uranus FfltcranfnahiDm nntem cht . Slnht man vom roten Tall des 
Spektrana ah, so entspricht die HelU g kri la y er lel hmg fast gonna d«m Sannm- 
spektram, and swnrder SpektraUaue G5. Die radbmotrbch beatimmto Tom- 
peratnr Uegt ante — 185° C. 

Die Anwmdxmg der spoktrographischen MnthpAi xar Bestimmang dor 
Uranasrotatkxi war Us etwn. 1910 nicht mflgHcfa, da die Rntmtkmsachso dos 
Hanetm b dm yntbeigehenden Jahren fast genan die Erdrichtang ebnahra. 
1911 gelangen dmm F. Lowell and V.M. Supher* db arsten saverUtelgaa 
An fn e hmen des Doppleraffektea. Sic ergabsn cdne marimaln Grahwliidigkdt 
yon 4 km and damn rine Acharjiumdrehring In 10*45". Db Rotation crhlgt 
in retrpgradem Stone, also genan e n tapra c hend der Bahnbowegttng dor Satelliton. 
Dor Wert wbd dnrcfa photoraetrbche Ma—n g en van L. Campbell* beetfltigl, 
der 1917 rine Lbhbcfawankong von 0",15 b dner Pcrioda van 10*50* fest- 
steflen knnntn. Es 1st bemerfcenswert, dsB 0. Bebcstsaxi) 1 schon 1904 sa nabi 
dendben Rotatknuperiode dnrch Untetsnchnng der Bab 1 ! dm bnerston Umnv* 
trsba nten. Ariel griangt 1st. Aos der ]&hrtichen Apridenbowegong doe SablHten 
words von Dun die Abplattong des Hsnptkflrpors sa x / u boetfmmt and Moran 
outer Ann a hm e rinse bran on M—envtrihmgi wb sb bd Saturn db Besbhxmg 
swbriien Abplattong nnd Sotatbnadaner verknflpft, db btstaosn 1 l h abgriol tat T . 

Noptnn enchdnt am Hbnnelberalti els rin Stem nefatar QrABo, demon Lbhl 
sdbst b dm Kmjonktionm nnr nxn J /* GffflBenMsuo go gen db Oppoaltbs 
berabsbkt. Die photmu e t rischen 'Hnnbwditnngffn | ante dnru^p <Hq Ifiurmfla 
rrihe von G. MCun 1 swbdwn 1878 and 1887 wiedcr brands* Brahtunt 
vurdlent, stLaunm gat Ubereb and geben tls adttlero Oppo ri t lonribUlg kBlt [Qi 
“ 30^)71 and A % 39,071 db Grdfie 7*,68. Neptan bat ante dmHaiiotiE 
db grflfite Albedo, nUmtich 0,73- Sb wbd nor noch voo den Jnpttertrubentoa ' 


1 HarrAan 15. Ra 4 . S. 71 (isu). 

' Hr. 13 (1904) nadlfr.4a (1909). 

* BunCT»C—trnariaP ocDpto 8, Nr. 87 (1923). 

I ^¥,5' a CWfO._* HarrCbu Mr. 200 (1<H4). 

1 Mora Ada. Sat. Be. Upa. Bar. HI, YoL 20 Mr. L 8. 54 ( 19 M) 
’ P. Lowxu. IfaaWt WUitt. k. Ekborn aud fnSS^ 
▼wtkhm*. VgL LovsD Ball Mr. 67 (ISMS). J 

■ PbM Artrophyi Obi R*dam B. & 348 (1893). 
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Erdmond. Knemtwho VoAUtel 


Atnnpiiin^ EirtoowskD, 


nod EE ndt 0,69 bxw. 0,76 nod dam Saturating B ndt 0,8 errdoht b*w. flber- 
traffen. Dm Spcktrum sdgt gegenfkbar Uramu due writer© V eiatAikun g dor 
■ irrxJfkrhm Ahearptloocn and dor Waaacr nlurn mieu. In dar HalUgkritevertrihmg 
gidcht ca nadi G.Tichott 1 gam dam Sannampaktriim, ttao dar Spaktnlklaam GO, 

Im Jahro 1884 glaubto H Hall doe atArkara VartLndorlichkeit des Neptun 
in dcr Parlnde yon 7*,93 featgeatdlt sa baton, doch wrade dies damah dumb 
gkdchaaltigB pho ta m at riacha Mn ra ingen rdcht beatfttigt. MAgUcharwdao lAfit 
dar yon demadben Beobachtcr 494 5 abgcWtote yarbeaacrta Farlodouwert von 
7*50*6" obar doch ednen Schlofi anf die Umdrdnmgmdt sn. Im Winter 1922/3) 
hahan nAmHch E. Onx nod R. LmAinnat 1 * ana extrafakalen Anfnahroan dee 
Ne ptun im Vvrin mlt den HALLachen SchAtsangen die- Botadcuperiodon 
7*42*.403 nnd 7*50“, 178 obgddtet, aUmdlnga ndt dnar Amplitude dea Licht- 
wechaela von nur 0,1 Ida 0,3 GrOBcnManaom Die Ziffam kflonten den Doppel- 
mi ten uiitspiBcban, dlo andi bei Jupiter mid Saturn fOr veracMedcne Bra ton 
fartgeatdlt warden rind. 

Eb fat dar Veranch gom&cht warden, ana don arwflhuten Meanmgen inch 
die Aqoatoriage dea Neptun sur Bide m beatinunan, dodi rind ugarichta dee 
fibarana goringm Betngea dar liditachwankuugen anf diem Wriae koine yar- 
fT wrn<iii 'f ^ »<r . lrffTvi«rri H atiw fiber die Anhao n ricfatiing ablalt bar. Dar photnmotriacho 
Wag let anch flbarflflarig, da ana dor Trabactanbewegung ein smwriiarigar Wart 
dar Nordkoordinatun dor Neptnnacfaae in 

, A “ 295*,2, D ■■ +4i*j) (1900,0) 

foatstaht*. 

Anf dlceer Orion tiomng let due apoktragraphlache Rotationalntiniiming 
doe Neptun au^ebaut, dla 1928 van J. H. Mooes nod D. H. Menzel 4 an 
7 Abonden auagafflhrt warden iat. Sie bat aua dor Meeaung dea Doppleraffektea 
due UmdrriiungBxrit yon 15*8, alao gunan don doppaltan Betrag dar rinen 
photamotriaoh ennittaltan Rotation orgoben. Im Goganaate ram retrogradon 
Umkuf doa SateUitan erfdgt die Umdrohung dor Flanetaakngal direkt Ffir 
die Benrtdhing dor koamagonlachea Thaorien fiber die Tnbantonbildong iat 
dtoK Fcatotaflung von boaondem Bodeutung. 


d) Dcr Erdmond. 

18. Koamlaohe Verhlltnloa. AtmoaphAre. Kurtsnwnrka. Der Trabant 
dor Urdu hat ala dor una sunAchst atahnndo Wdtttrpor aatrophyrikaUach dno 
hobo Bodontnng, obwohl dlo Rrgabniau, die aeln Stadium btahor ratago gafOnhrt 
hat, lots tun Entice mohr gDolugbchce nnd gcophyrikaUadua ale aatranooriacboB 
IntensBo bio ton, Da man 1x4 gutor Luft an don grCQeran ReCnkiorun nnd Roflok- 
toron unfuror Sternwarten Vorgrfl fl o n mgan bia 600, in boeondon gfinatlgnn FABon 
aogar bin 1000 anwmkkm kann, winl anf dkao Wdao adno dordx coctraterreatriaohc 
T Unflftm nio gotrflbtn ObarflAobo dam Ange bia anf dnlgo hundort KJkmotar 
nabogobracht, ao dab dlo Gobildo daradbon in aDon Kinaolhdtaa untomodit 
warden kdnnon, wnbri daa Augu durch dlo acbarfe Sdilagachattonwirknng dor 
atmoapbAroloacn Umgbbong morkhch unteratfltat wird. An dor Lteht gr erao 
rind anf cHon Wabo untar gOnatigan VorbAltniann Bodenfarmen von 100 bia 
300 m Durchmonar nnd flacbo Erhebungcn van wanlgen Me tom Hfiho nodi 
gut arkcmibar. Natfidldi kflnnon an dlaaor Ldatnngagranra von Femrohr nnd 

1 BoD Ofaa Cactr M Poelkoro 8. Nr. 87 (1923). 

■ Petal. Ota. Aatxtn. Texts (Dorset) 25. Nr. 7 (1924). Ahq| AN 331, 8 .269 (1924). 

> W. S. BumL—M sad A.HEwrcer, MN86, 8. 376 (1926). 

4 Petal ARP 4a 8. 334 (1938). 
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Ange die Oberfiflcheneliiaalhriten nor noch ala aolchc fcatgoatellt, nbor nicht 
Tnrftr gwnnw untmocht word®. 

Van den koemiachen Verhflltnlmon eke Monde* els Weltkflrpor intarwriiarn 
den Actrophyvlker neben Maine nnd Dichte in enter Link die mit dam nidarladien 
Manat genan wnnnenjanepde Rotatlonmrit nnd der Mangel dner AtmncphArr, 
EineZdtlang hat man die nahe anvcrOndeiiidie Lage dor Montlkugd amn Radius 
vektnr der Geadtenrdbong zngeachricben, nnd beaondera G. H. Darwin hat rich 
ifir dkeon Gedanken edfrig dngeaotst 1 . Die mlt dner dftnncn Hindo bcdockte, 
ana nodi nkht entarrtam Material beatehende tfandkogol hat nach dicaor Idea 
dem Gesdtenzng der Erde nachgegeben nnd die Farm elms HatatlonadUpaolda 
angenommen, demon grade Achso danarnd nach dor Erdrichtnng nrlantiart ge- 
wmm . lat Dien riaatiachn Flat aallto die umprllngilch macho Rotation dot 
Monde* aQmflhUch bia ram jetxigen Glrichgewichtasnatand ahgohrumat haben, 
DieTheorie, die var den Jebdgen itationAren Yerhlltnlaeen Zcdton dnor raachorcn 
Omlanfa- nnd Umdrehmigab ev reg im g dee Hondo vamunotat, lat hen to anf- 
gegeben, heaondera aritdem die Mraanngnn dg Mondoberflflchc ergoben hahen, dafl 
dleao aehr nahe kngelfflrmig iat nnd der frflher verrantoto QTBtarrto, nach der 
Erde mgerlchtete Flutbsg (vie lhn noch Hanbkn angenommon hat) gar nicht 
cadadst Ahgeaehen van tbooretlachen Bedcnken let wehracbdnllch dor ZflUg- 
hritahonfflifant der von riner erstazrten Rinde dngcachloaacnrn MagmamaHon 
vid %a grofi, am die von Dakwtx angBpommenen Dcfbnnationcn an crmOgtichcn. 
W. Schweydar* hat a. B. fQr die Erde die GrtQo ds daatiachan Flntcn nntur 
der Axmahme berechnet, dafl rich xwiacben Kem nnd Rindo dno fltalgo Hagtm- 
acfalcht beflndet, nnd gefanden, dafl dies rich gegonflbor dor Momlnttraktlim 
durduna wie cine ataxm Mane vwbfllt, dne Gcieltcnrelbnng In dom Dakwin- 
ac h en Simw also bri do* Erde flberhaept nicht xoatando kommon knnn, 

Ebenao' wie die dgmartige, aber bd vcndriodonoi Trahan ten nnriora- 
Flanetan (vgL JQff. 18) wiederkeluuude Rotation lat aoch den Fohlcn duct 
Atmoaphlre anf dem Monde an theantlachen Botradihragon und RQck- 
bUckm In die Vocgangenhrit bemitxt warden. Dio ganao Strnktnr dor Mond- 
o herfl fl die bewdat, dafl an ihnr Geataltnng Entgnsangen atm dem Inncm 
weaentlkh bdgetragjen haben. Die anfatdgcndcn Dtapfo rind knnm ar^dch 
in den Wdtranm (uffnruH ert, aondem haben rfrfwr dno Zdtiang Atnv>- 
aphAn ran den Mondkfl rpg gebildet. Sparcn da von mflgcn noch whamkn 
arin, rie rind aber mit nnaeren Beobachtnngmnl t teln nicht nachwriabar, Wodff 
RrfmVt lon noch LJcfatabuptian rind am Mandrando fentatcllbar, Dkj cwtu 
bnn hflrh a trn a wedge Brachtrile dnor Bogenaoknndo, die awdto kanrn % 
ring Gr fl fl mktai bfctngen. Die Bergachatten arachcbion demonbiprochcnil yflliW 
achwan nnd hefatka. Wo H a lbe c h a t ten oder dn vnrfrOhtoe Var- baw, vonmUotca 
Naddenditen anf der X acht a rit e fimtgeatellt warden rind, hendolt a rich ent- 
weder ran aekandlrea licht ds b ena chbarten grril erloncbtoton Gogondon Oder 
nm etnen H a lb a ch a t teneffekt, dn dadnrch surtando kommt, dafl din Sanno Ja 
mdit panktfOnnig iat, aondern, ana dem Erdabatando gcarium, don arbcUlcfaui 
wchemb anm Dardumaer von 1 / l * haL 

Die Frige, wannn der Mrmd die GaabtUIo ao nach verloron hat, dafl lie 
nachtrtgfich keii y Spcre n In ariner Mcnphnlngln sorflcklaaacn knnn to, lat wohl 
rowrtm GJ. Stoxiy 1870 angeaehnltten and bdiandelt warden. Anf dem 
Grandgedintai der kfaw ti a dim Gasthecrie fnflend, win Stonnt damn! bin, 
dafl daa teritatlanapotmtul dea Monde* nicht unrokht, mn frelo MolckOlc 
die ridi mlt 2,4km oder mriirpro Seknndebewegm, mrflckiqhalten. Iatvdk 







VcnncBBimf dor Hcndotarfilchs. HQhenbwtUmnQiig. 
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mittloro GeacliwimHgkcit elnca Guo, A adnc Dlcfate, h e xo g en anf Loft, 
absolute Tnnpcratur, so 1st 



T die 


Nadi allcm, was wir fiber die Mlttagatmnpamtiir dca Mondea wlm (Ziff. 18), 
wttrde damns falgen, dafl dart aUmfildich alio Gone vanchwinden mbm, denm 
Dexnpfdlchte Mafaw eta etwa. 1,5 fat. 

Die Alters Kartenllteratur dca Mondea mit fhren a, T. berthrotan Ldatnngon 
(J. Hkvkliub, J. H. MAulkb, J. Schmidt) hat gegenwtrtig nor hlstoriacbcs Intense, 
aeltdem ea gcglftckt fat, in beaondan gQnstJgcn atmoaphArlechon Momontan photo- 
graphiachc Anfudimen herxustelkn, dlo fast alias, was das Ango normal erwedso 
am Oknlar oincs grfiOorcn Fomrohn ortaUckt, sldicr wtodergoban. Dlo Farfacr 
Sternwarto, das lick-, das Yorkea- tuxl beeondm das Mt. WUson-Obacrvatorimn 
varfflgen fiber dno grade Zahl van vartreffilch gdnngcnon Mondnogaiivcn. Ala 
bcaoodoro Lciitung darf edno Anfnahmo daa lots ten Ylartds van F. G. Pkahk 
am 250-cm Raflaktor daa Mt. Wilson von 1919 Sept. 15 gelton, anf der selbat 
In grflflcrcn Abstftnden von der Lichtgronxe noch Kratcr von 500 m Durchmcaor 
deutUeh ala Rnlche kcnntllch Bind. Ea nntodlogt ladnom ZwdCd, dad «dn halbca 
Dutaend salchor anf die dnselnon Pbasan gnt vnrtdQtcr Negative das Material 
fflr doon sohr vaUkommenen topogra phfachon nnd hypaamotrlachen Atlas dca 
Mondea lldcm wflrdc, beaondan wain das Material ndt dan nonadtlldian MHtetn 
dor Stcmophotogramniotrlo boarbedtot wflrdc. 

10. Vermeasung der MandoberfUtahe. HOhenbaitimmung. Fflr joden 
Moment der V urmowi ng lrgondwdcber Elmelhaltan anf Am Monde nrafl alne 
Roiho van Zahkmdatcn tor Vafflgnng itnhan. Dlo in Hirer Beredimmg dlonondcn 
Fonncln lnsaun rich In lhrcn Gnrodgodankcn anf H. W. OLBmeaxarflckfflhrcn. Im 
Zaammcnhango untwickelt habon ale J. H. MAnum 1 , E. Nkibom 1 , K. Ghavt 1 
nnd L. WsmsK 4 , wflbrenil U. H, Tdhum. und S. A. Saumdkr 1 dureh Elnfflhmng 
von nxhtwlnUlgim Knordlnatcn on Stnlle dor aphflrlschan dnxelno wknographfadie 
Anfgabcn wceontllch vorrinfacht habon. Die UmatflndUchknlt dor ackmcgraphi- 
schun Arbdtun burnht darln, difl wegen den guringan Ahatandca dee Mondea 
vain Bcohachtar alia fflr dlo Roduktlon der Meamngan arfardarUcban Jahrbachs- 
daten, wlo Ort, Parallaxo, HaJbmemur vora Enlmittolpunkto anf don Boobach- 
tnngwrt oof dum Sphlrotd nmgcrochnct wordon m Assam Ea arion a nnd A, 
dlo gooxontriaclxra Bquatnrlalon Koordloaton doe Mondea, aerwie dlo Bonillas p 
ffir dlo Stomsdt d gogobon, so hat man bal bokanntnr gcosontrlachor Bndta 
und Dhtuna dea Boobachtongaortua vom Krdmlttolponkt ( 9 / bxw. q) nnd nach 
Kinfflhmng von 1 

xnr Ennlttclnng dor sog. toponntrlschen Koardlnatcm dea Mondea r 1 haw. p*. 
a 1 und A \ ana dooan allu andemn Daton falgen, die Tmnafcrm&tlanagldchnngan 

r 1 coed'ense'« r coa A coa a — q coap'cne#, 
r'cnsd'rinfc' — rcoadaina — gcoap' rind, 
r'rind' — frind — griny**. 

1 W. lira n. J.H.MIdlct, Dor Mood (JB37)- 

a Dot Mood, 2. dontwhs AS. 374 (1881). 

■ YettiflHI Nr. 11 ( 1901 ). 

* Id vohlad«w Bladen dor Astr.Boob. Pru (1(06—1909). 

■ UN fin, a 174 (won}; ea, 8.41 (19W); 63, a438 (1905). 
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Lm fibrigen kflnnen bd der Lfieang yon adtmugraphlacban Aulgnbun dio ffir dia 
Pfanetai gttltigcn Fcrmeln (Ziff, 2) duo ainngomAflo Anwccdnng flndcn. Soig- 
fmige Pfattenvenn u ngcn nr AWdttmg yon BolenagrapMachan LQngai nnd 
Brdten Begen yon J. Fkak 1 , S. A Sauudm* nnd R. KOnig 1 vor. Dio Gtwamt- 
hdt dor gewo n nonen Orter dfirfta fiber 5000 Punkto uratason und hum bed 
sweckxniager kartograpiriacher Dantellung die Lago nnd Grflfle dner Formation 
im mittleren Tdl der nns ngdsbrten Handhalbkngcl an! i 0",5» d. h. im linemen 
MiD tnf ± 1 km, ricbern. Die Genaniakrit dner tolchon die vnllo MeUachftrfo 
der Negative ananataan dcn topographiachen Darstollung dor Mcipdoharflicfau 
dor! iho vnrlLnflg debt fibcnchfttxt warden, Anch (Ueeo projoktlcrto Sjaakl- 
karts dea Erdtrabanton wird rich hOchs tc ns mlt dnem irdiachun Cbandxdibv< 
blntt 1: 5000000 meson kfinnen. Der ante anf den SAUinroachon 1 Koocdtaotun 
bexnhende Venrach dner •fAAm Mondkarta, den W. Goodacmk 4 nntornoounen 
bat, lit Ortslage und UmrlB noch nlcht suCrlodofutaflcncl aoag^ 

fallen . Dio lahlrdchcn photograph iachen Allan ton, wlo do die Fariaor Stem- 
warte, daa lick- and Harvsnl-Obacrvatorhnn* verOffcntlldit hiLem, rind chnu 
jedea Oricntierunginet* enchlenen, to daB thro wimonachaTtllcho Van w r tun g 
nhwi erbehttebe Vanabdten nkht mflgUch 1st. GfinaHch vamochUbvilgt lit dm 
seleaogmphiacbe Nats inch in den flbcrarbdtotan MandphotngrnpMfln vim 
J.N.KJQKcm , nndanfdenairg£lklgcn topographiachen Spatial knrtMi P. Fautiii*. 
bd deoen aber fast die game Situation anf Augeranafl bernlit nnd die SchrafTen* 
darstdhmg der Beige gar m oog an die inUachen Erodonafonnon ongolahnt lit, 
BertgHch unaorer Kmmtmse fiber die yortikalo (Hiedcmng dor MVwm L 
obtrQlche llegt .die Sacfalage nlcht gfinatiger, obwohl die vorhandoDon Unwl- 
photognunme mlt der gngtmflber do- Oknlarbeobachtang nnr vronlg vundilcch* 
tertsa Scbftrfa dn fast imeracftflpflidbea Material fflr dnu nolchu Untanochong 
Uetcn. Dlrekte HflhmmM i myi dnd natflrilch nor am crleuchtotan Rnnde 
mflgttrh. Woden a. B. Vdhncnd- oder Nenrngndanfnabnxm (Jutstaro dnd nur 
bd totaled SopnenfinatgnlsBD erbiltllcfa B ) ao auagameaacn, daB dio Barili^i hi 
totschrdt end e n Padtiamwlnkdn mlknanetrlech bontlmmt wunkm, so crhllt nan ' 
nach Anbringnng 6a flhHchm SonektlaDon fttr Refraktion, Plattanndgnng nnr. 
dn Gro&krdsprofil mlt allea weaeniHchen Rondarhobangen nnd •dimr mdm w 
Ein mtttlens Niveau lflBt deb darm bo fatflngm, daB der MondnmriO ala gram 
krdafikndg nnd die S omme der'Erfadbangon gtakh der Sammo dar VcrtMungrn 
angenammen wird. Ob der Sdnnrpmkt der Uondkagd mlt dom no daflnlcrtun 
kflttripanki dea betra ff e ndan Graflkrabea stats flbcrahnidmnit, nraO dahln gpatcll t 
Udben. Ffir die dnaeln en MdndKbratinnm bxw. fflr dio vumcbtadonon (Vmfl- 
kn d a pmfllft gelten de mn ec h andi kdne Idanttachcn Nivoanlinien, doch rind <bu 
Ab wddn mgcn nseb aDem, was wir fiber die Flgnr dea Mondce wlaan, debit 
nor going. B. Pbxtbyllok nnd beoanden F. Hays 1 habon dia anch Iftr nalro- 
metdache Beobacfa tnogwi (Kantakts bd Ftnatamlnan nryl StornbodocknnRen) 
ProfUanfgabo behandelt Ea hat aldi dated geadgt, daB aolbat In da 
m ^lldwnm Form dkaa’ Iibratiop schni tto noch HtBu^nttsecfalxxlo von 


Onj] 


1 11901 19< «9 *■Auto Imp go. Nr. I (1913). 
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± 8000 m vorkn nTTTvm , wo daS die Erhobnngen und dio Tbfon oaf dam Hondo 
jedenfallfl nlcht geringw rind bIb anf der Erde, 

Die rich anf die Handachribe projlriaxendon randfemcn TTflh«n warden nooh 
beratn gntwprochend dam Grandgedanken dnv achan van Galilei Bngerouleton 
rich dfTm Moment fixrcB Aufbuchtnns sri der TJ ph fr griwwi bsw. an der 
Sri rn ttenlingp und dem jowdUgai Sonnonatand berochnot. 1st 1m enten, dn- 
fachatm Frib 4 da* Abstand riner anflimchtenden odor verlflechenden Spitso 
van der Iichtgnsuo, amgedrOcki In d«i HondhalhmeaBerB, bo 1st thro 

Hfibc h gagaben dmufa db GMchnng 

Die AUdtang der Hfihen bob Sch&ttanlAngo und Sannunstnnd iat natfirilch 
nmstdndUcbcr, lflflt rich aber bd Anwentinng der Photographb abhr woentllch 
vtndnfachen. Dio von V. Hitler 1 beat! mm ten 249 Hfihmkoton anf dem Hondo 
nor bIb Anbng elner ■chfirforen photogiuphbch-hypauroatrbchGn Ver- 
mcBtmg dor Moiviobcrilflcho gotten. Im fibrlgen 1st (Us Seienographb darin 
noch fast valla Undig au( die Altsnm vbooll-mfkroiDotriadian Heesnngen von 
J. H. HAdulh und J, Schmidt Bngawieun. 

Audi dio Amvcmiiiiig dor nonerittiriim photagiaminotriachnn Vafahron anf 
dio Aufgabo, flhnlich wiobddonPoBltiantai, wflroxn entroben^ nmchdam W. Pam 
und C. Pulthich 1 anf db Bedouhmg d tr Raumbtldcr fttr diem Zwock hnaondas 
hingowicaan habm, Roahnerbch hg** das Vcrfahnsn* dor lw i r w Alnriimnn Pn>- 
jekfinn dor Hfihmpankto da Honda in den vemchlodeaen Libmtlooen flue 
Erbobang ahraldten, J. Frau* ansgobentet. Sdno HShonddditaikarto den 
Honda 1 bernht aber anf bd madgon und a. T. bo unrichcr batiinmten Kotcn- 
riffcm, dsD din Arboit nnr ala oator Schritt fftr dne wdt gr&ndHcharo Untcr- 
mchnng angaubun word® kann. Da dio B or g gogun den dio tbearatbchc, d. h. ana 
dem Hand- und Sannonort folgendu Lkhtgnmso m dio Nadi tad tB, dio Senknngen 
rio dagngon In das TaggaUet vcrachbban, glbt- die Eintngung da jewdllgcn 
Tarmlnatarvcrianla in dne malibaldgo Mondkarto und der Yorgldch da Xnrvo 
mit dor Bcrcchnung jo dqm Aufrifi dor HondnbcrflAdm in dam betrafhmdcn 
] blanch tangsmorldian. Don dnfacho Verfahran lit nr Abldtung dna Ganrat- 
hilcla dor vortikalon GUakrnng da Honda bbber nlcht angewendot wnnlaa, 
wfl wodor dio vtrb&ndoncn Hondknrtai noch db Phnaoncphomcridon fftr dkuen 
Zwock anardchon, Db aohr praktbcho immorwflhnndo Tonnlnatortafd van 
H. Sadler (non hurodmot von K. Gratf, W. Vobb a. a, 4 ) gfbt a. B. db aolnno- 
graphtachon LAngon der Jichtgmoxo nnr fftr den Mondflqnatnr winder. Kiw 
wacntHcha Erbichtuning bbtet rich bd den akbriertnn, atnta Bohr unrftmgrdchen 
und arrafUbndan Aufgnban bdm Hondo imafern, olfl db boBandan anstrangendo 
Ausmaaang dor Negative am Hlkroakop da Kampunim hltnflg dnrch Ana- 
wa f lun g van vcrgrflflerton Pudorkopicn mit 23rkd und GlamaBstab azvetxt 
TOibn kann. Dafl dka bd dnigor Vncricht ahno Bedcnknn gachohan dtrf, 
button an gcoignuton lidqdukm E. Pbxybtllok 1 und bel cl nor onderon Golegon- 
balt H. H. Tuum nachgpwbeon- 

17. Die M on d ph otometrio. Db photomotrbcfaon Anfgahm. db der Hond 
dnrch dm Pbiaanwochad ttbtot, rind aohr ohhcich, and Bohon frtbieitig 
(P. Bodoukr, P. Wolubiom) hat man Omen Aufmakaaxnkrit sngowendot 1 . Sis 

i Hflhoobwtiannrar von MjmJ h of g M . Ub. ({9O0)> 

1 V J 8 37 . B. ail (l 9 U 2 ). • AMtrmu Bob. Krkdpbwg Jfl. Mr. 5 (1899). 

4 A t f Jn i o kt b B. Hia a u w a Aatmo o p O ch cm Hkinflwfli. X Anfl.. B. 139 (19OS). 
■ fiber db Via ■■uHaiiril pbotogr. MnmkttBiita n UoRngpiakaL Dim (l9M). 
* G. ICOuai, H whun e tri i dr flwHrn^ 8.335 (1897). 
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betrefien das Verhflltrria derVolhoand- nr SonnenhdllghMt, dla Intanritlt la dm 
Hnadnen Phflim, Ver^dfh ndt Sanne and hdlen Stamen a. a. m. Dla Eia- 
f timing von Keraeneinhelten Uetet keine Schwierigbdten, da (He bddon Lichl- 
qaeUen Maud and Hcfnerlampe gut mUdnondor xn wUndan Bind. Ala Er> 
gebnla folgt, daB die Behrocbtong darch den lm Zenit atohanden VaUmond 
aaBadudb der EnkiraoqphAre 0,32 Lax betrflgt. Der Vergtdch mlt dexn Sannaa- 
Ucbt kann darch Vermttthmg dner gedgoqten haiku LiehtqncDo g Mchrihcn. 
Unter der Annahme, daB die Beleochtong darch die oxtratwreatrfacho Zenit- 
tonne 4 50 000 Lax betrflgt 1 , crfafllt roan dannfttr daaIntonaUfltsvorhAltnia Sanne: 
VaUmond bxw. die Different in Grflflonklamcn 

468000 Sonna - VoUmond — -44* 17. 


vrnmp ! c*m 

naf 

QdBi 

- 142 * . 

5*32 

+ 5 * 

<*■37 

— 126 

4 37 

+ 12 

0 38 

- 100 

2 30 

+ 23 

0 .52 

- 80 

2 ,02 

+ 29 ! 

! 0 .75 

— 65 

1 .40 

+ 38 

. 0 .97 

- 55 

1 39 

+ 57 | 

I 1 .54 

~ « , 

0 .93 

+ 62 

l ,65 

- » 

0 .74 

+ S 3 

2 30 

- IS , 

0 M 

+ 100 

2 .95 

- ii ! 

0 02 

+ 119 

3 ,71 

- 3 ; 

0 39 

+ 138 : 

1 4 .76 


Fftr die Umxcdmang in SterngrOBan inm Verglclch mit Plane ten and Flxatcrnuo 
lit nar nodi die KenntnlB dea Stemwcrtea der Sanne odor dor Hefnerkone not- 
wendig. Die Helligkrit der letxteren in 1 m Abatand gloidit dem Licht dne* 
Sterna — 14", 18, wanna die VoUirarndhoIligteit — 42*,55 folgt. 

Der photocnetiiache Vraianf der Phaaen hat achon G. P. Bond hoachAftigt, 
der dann anerat die TJngQltigkdt der phntometrlachan Gceotxo von Eulkk and 
Lamhekt ertaumte. ZaverUange Werte fttr den Itraktloiiclkm Zoa&nunonhang 

twiachen Phtunnwinkal and HalHgkrit 
aind eret in den lets tea Johreahnten 
erfaalten warden. ZnrZeit llcgan beroltn 
viaaefla, photogiaphluchn and phnto- 
dektrbcho K urvm i dor Mnmllv»1Hg ln4f 
vor, dkj rich enf die Boobachter W. H. 
PlCKKBDTG, E, S. KlKG, A. SCHXLLIR, 
J. Sthbbtkb und F. C.Browjt vartoflen. 
Sie dnd van H. N. Ruhbxll dnhdtHch 
bearbedtet warden* and hahon dk 
nebenatehandon gat gcdcharton viaticl- 
km HdHgkdton (betagen oaf daa Volb 
moodUdit —42*,55) argeben, does graph ! ache Dmrstdlung in GrtBcm and 
in IntensltiUEn (Vailmend — 400) Abb, 23 wiodargibt. Wegan (lor tmgkddi- 

mflfllgan VorteUang der 
lioJlan and danklon (Jo- 
bieta oaf dam Mando 
1st dor Ldchtvccku! 
nlcht genaa aymmo- 
triaoh, doch aind dio 
Untorechlede nar go¬ 
ring. Dio acharfe Spttxe 
bd dor Fhnao 0 a iat 
nach. E. Sghokkbbrg 
anf die Straktnr dor 
hellan Stredfon and wd- 
Ben Flecks im VaUmond 
Abb. 23. Hil^fcrtamk iri cm Madphui xarfickxaftimm. In ga- 

Soqnc - ^ Ves ^ e4dl “it dfi® Lichtverianf der Planeten wird mij^di, worn 
1 At^jnmiiUi Wert iseh H. K. kMfcu, C.Douon.1. * Ap J 41 B .111 ( 1916 ). 
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man die IMioBcngkachnng fftr den linemen Tofl der bdden Kurvuuiwdge auf- 
Hldlt. Sic lauti't 


//]) — —12®,55 + 0*,024 jb (£ ■■ 0° bla — GO 6 , Hand sonchmcnd) 
//])«» —12“,55 + 0™,0JG£ (£ — 0° bia + 100°, Mend ahnehmend). 


Der Abfall nnch dem Vallmond lit alao stcQor ala der vorongebendo Anfotiog 
vora Neumond. 

Krincr dnxlgcn photomctriachcn Tboario der dtffaaan Rnflexhm an aphflri- 
neben Flflchcn lnt ca Ha jutafc gclnngcn, don Gong der UondhdUgkdt nut dor 
Phaao damwtelkm. Per 3Cm.Ttwr.ho trad der LAMHnBTache Autthnek kommon, wic 
crwflbnt, Qberhonpt ntcht in Frngo. Aber aelbsrt hd Anwendtmg dcs Emanatlona- 
goaotxM von LoioniL nnd Skkugkr hkJben unmflghche DiHratmaen llbrig. So 
atmhlt bd j> *" 25" der Hand mir G0% den VoUmandUchtaa ana, wfibrend nach 
der Thoorio dk> InhmdtAt dorm noch 95% botngen nllte. B. Funuvaorr, 
E. Onx und E. SenumautG 1 haben mit kompHriortenm Farmchi kelne waaent- 
lich gftnattguren ICrftdgo ecriult. Pmktiacho Voraudio an parallel boatnhltm 
Kugdn, wio aio a. B. v. Auvsm und H. Woebhkk angeatdlt haben 1 , liefem 
ouch kdn klaroe Bikl, da giatto Kflrpor gogcuflber den Hanotan wdt geriogero 
Hiaacmknafflxlcnton haben. Typtah fftr die Mondbdcocbtnng 1st die van 
C. W. Wivtz* und unabhflnglg davon van N. Babababchot 4 featgeatollte Tat- 
nache.daB hd Yollmuod fftr dan Krdbeobacbtar elloTcfle dee Hondea gldchsdtig 
„pho tome tried )on Mlttag" babon, d. h. am bdlaton cracbelnen. Daa Intanritfita- 
nuudmam fftr alio Fnrmatiooon tritt alao dn, wain dor Iinidenewlntel i glaich 
dem Kmanadaimwlnlad c wird. 

Daft daa gniuo photomotrbcho Yariialtan den Mondea dnrch dne beamv- 
dem Beechnffenhrit der ObarfULcho horvargorafen wird, iat klar, obenao wie 
(Ho Tataacho, daU dloan Strnktnr in gldchcr Wobo don hellen B org ga gm dcn 
wio don danklcn ISbcman algcn ecdn muB, Fhotamotriich maflgpbcnd dnd alao 
nkht die Borgu mit Ihrcn mohr odor wcnlgor anagoprtgten Schattan, aandem 
die Kldnftrnvn doa lfandbodom. J. Wilsing, E, Sghqxxhug 1 , A. Mabxott 
und N. liAHAHAflcnxJT 1 haben thoorotbeh dio Ftrm dor erfarderUchan Er- 
hflhnngon und Vortlafungan ahxaldtan vmucht nnd dio baeto Dantolhmg bd 
Anmhnxi otnor Hodenbanchaffcfihdt gofundon, wio aio etwa Bimntdnlava hat. 
El no Uuilidi pnrfiao, anf dor J Wo (lurch. Eutguong doe vulkanbchon Magma* 
an dur Loft entatohondo Harigo Strnktnr mull rich anf d* ganaon Mandobw- 
flAche Yurflndon. Dm Verbal ten dor holkm Stfdfon, die bd Phaaonwinkrin um 
0 * honrm Ixiradom hobo In tonal tfl ton fumohracn, wird anf Grand dnmnlbnn 
Hypothum urkUtrhar, wenn man dio Zahl nnd (Ho TIoTo dor Perm an dlora 
Stdkm Immdxaa hndi (uudmmt 

Din rulativo Hdllgfcdt dnaolnar Eonnationcn im Yallmand hsban vieoofl 
haw. pbatagraphlich H. Hubidibxbg 4 und P. Gam T boathnmL Die Arbdt, ana 
dor dn Aoanig hior mltgotdlt wird, umlaBt 55 Prognuninpankto, die aldi anf 
dio GcblrgD und Ebonoa rodit ^dcbmAfilg varteflan. Debd wnrdon dio von 
K. C. lbcKniMQ und sanhTaU inch von W. F. Wnucniua gemoaonon atarkon 
Untoracblodo dur Albodo nlcht beat&tlgt Zwiadum dem heDiton und dem di mkri - 
itcn gomottmon Punkto iat vlauell nur dn Untorachled von photographlacb 


IMeThhif Am Uoote 


1 VgJ. K. Bcnonruao, Untavebinic» nr TbeoriD der 
(UBS) ud Kfflrin. d. aaktua Mitanrin 5. H, 1 (KBfi. 

* H. Woinn, HoUkhritanaaoDcn an KnfBtaT Dl*. Berlin (1925). 

■ an am, aaap hwS). 4 ak a u, a445 (i9aaj. 

* a h aai. a aa? Jipail; aaa a 139 (isad). * a w ai 4 , a 137 (iwO- 

* Yertfl. Btarnv. TnUofliii-Oatates i. H.a (1910). 
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von 1“,H fMtatcUbar. Audi dor Gang In den vianelbn und photographfechen 
HAfflBkdtmvnrten der etaaelnan Mondpunkto tat in bdden Refhea in bafrkxHgand'r 
Dbe rehiitinnm n^. Die Meomngen crfolgten am Femiuhr mit dman SUh e rflo ck- 
BadMipho tanatnc und anf den Negativun mit dnem HAHTMAKHadwn MQuth 

photometnr. Dio photo- 
graphtochen Schwflnsou- 
gen warden an Flattai- 
knrvtm gcodchtor Gnu- 
kello angcechloaaoo. 
Ldtot man ana tier 
VollmondholHgteit 
(—12“, 5 5) din ndttlon 
Albedo der Mondobor- 
flflcho ab, an orfailt man 
den eohr Uelmm Wart 
0,075. Dnrch Hbwi- 
ibhang der TAWnger 
Mmeungen folgt fflr don 
haflatea Punkt viaudl 
die Albedo 0,139, fUr 
den dnnkototen 0,040. 

Wenlgnr fflr diu 
Phyrik dee Mondoe ala 


audning dee Enfliditoe 
1m Monde van Wart. 
Nadi E. S. King 1 kmm 
die HriHgtadt doe Nau- 
mondca infolgo dor Jlr- 
leochtong dnrch die Side so — 1 m ,6 angenommen warden, ab entapricht elan 
dem lidit dea Striae, Der Wert fflhrt nr Able!tang dor Erdmlbodo (0,45), din 
bd alien Frigen, die drum "VargbLch der TCirb mit andocun Plano ton betroffon, 
von Wididgkeit let. Dea Gcwamttichi dor VoUonb, vom Monde ana geeehen, 
betrflgt — id - ,5,1st fcbo am Tier Grtifienkbaeai hfihcr ala daa Iicht dea VoD- 
manden. 

18. Qualitit der nrfliktiwten Strahhmg dea Mondea, Temperatur. Polarl- 
metrbebe Untenuchnsgen. Ana den inTflhtngen pw w nw n HNUgkoitsantir- 
achbrtm dor Moodoberfllche in xwei Spektrolgabbtcn, dem viaoelbn und dom 
photographbehen, geht ant alb FUb horror, daB nicht nur db Albedo, aoodem 
anefa db rf^mm twarhWl* anf fWn Erdtrahanten rocht gering dud , waa do* 
direkte AnbUck unnrfttrihar beatttHgt. Kart warn man an FUteraafnahmen mit 
merktie fa grflBerer 1 -Dif f cremi flbemeht, warden db Abwabhangen erhablldi, 
Ste atnd nent von R. W. Wood fmtgcatellt warden", der ha Dltruvblatt Mb an 
dbPmrfilflMiflkn<tJfgrwMiiW flan g in g , Dadbnm A 3000 Hflgatukm 

Wotknlflngen von Gba nlcht mehr dmchgebmen warden, hat Woaii 
Q n i ntin a en and gpflier v emic k ritn Gbnbgol fflr dbeen Zwock vanwndet. 
Ab makwflrdigBtm Gdtkfa inf daa Dltmvbbttaxdiialmien erwiea dch etn Flock 
flatUdi von dem h e tl e n Krafag Arbtaxuh, der faat gar knrawoIHga Strahlmg 
rcfldrtwt V cjfcuLhe ndt izdbchen Sirffm habea g gdan , 1 , Q, achwoff 

1 Harr Che Nr. 267 (1504). 

• ApJ 3A 8.75 (1912); amdi HR 70. S.»6(1$H0) u. Pop Aitr 18, 8. 67 (1910|. 


fflr andoro Antgnban 
arwabt rich db tfntor- 
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haldga vullnniachc Aacho dlo gWnha Elganachaft-hat. Bine Buniluruug dot 
Anfrwhmcgobirtc* nach don Ultrarot n wftro achr wftnschoncwcrt, Ba 1st be- 
kannt, d°Q varnchicdcno irdlacha Mlnwmlion lm langwdHgun Licht charak- 
toridtiacho Ataarptimuihuklcn haben, wodurch sk rich mOgticberwnije inch an 
uhudoon Stollon dor Mondoberfltchfl nachwdaan lawn. 

Eincn etwu* andanm, bcaondoa nnir.hflntichcn Wag xur Harvorbebang dor 
Maodfarhen hnbun A. Mums und B. Skeokht 1 dngoachlogmi. Slo habcn don 
Volbnnnd dnmal duich dn Onmgo-, daa andare Mol dnrch dn Vhdettfllter 
anlgonomnwn. Vcrwcndot wtmki dn SUbonj4egal« bo dafi die ftufierata Gnnxe 
knnor Wei km nlcht cmddit wordm lit Bio frririon Aufnahmon rind dann 
vorddflUtigt und m dnom Zwdfiriiendrnck In don Farbcn Orange (Ultrevialett- 
bllcl) nnd GrQn (Oranguhild) vcrdnigt wordm. Dio mlttlero Mrmrinhrrflflrhn 
kranmt dahd In eincm gdbon Ton hcrans; rfltllehe Farbe idgt odiflhto, grftnlkhe 
vermindortu Ultraviolcttrcflcxlon an. Dai Mcrkw&rdlga an dom Bfld 1st, daQ 
UntoracModo dkau* Art nnr In dsn Marcoboncn anftrotcn; die graftal Gobirga- 
Bfldbcn boatohen. rum (^ktndphotomctrbcbon Standpnnkta betraehtet, offm- 
bar ana dnhdtllchcm Material. 

Nor aw (terurtlgun Untcnudinngon dor Bokktivni Kuflnxion dnxdner Pnnkto 
kawn ideh SrJdfao anf die pliyshdu Baachatfdihoit daa Mondbodcna xloben. 
Daa Mondllcht lm gonnm glbt aanat dlo Elgonachaftnn dor Sonnonatrahhing 
fast nngdhidurt wfalor. Ik lot otwaa gclbcr ala dot Somxmlteht, dor Farben- 
index oho ctwaa grOOcr; or winl nodi H. N. Hdbhkll in l*,lB angenomraen 1 . 
Dte radlnmntriiich bmtlimnta nltraroto Hanotonatrahlnng daa Hraidea xwiachon 
8 nnd 14 botrflgt, wio bd Morknr, 74%. 

Mit dor prakdicbon Te mj xra lurix ndmanmg ( tea Momk o hahon ri chachon 1846 
M.Mkluini und nm 1870 load Rossi, R.Cotklaxi> n.a. bofaflt*. Fttr dloao V«- 
mebo wnnlon Kuflcktoivn In YaUiuhrag ndt Tbormaolcmont, Galvanomatnr trad 
WaanRollo vunrrrxlut, also dnu dmdiaai nousdtHoho Apparatnr. Dlo Verinche 
achdtcrtcn abtT an (lor UncnipflndHchkdt trad Trtgbclt doa Empfangagortti, 
daa mlt eriner lwhcn Wlrmckqiulttt (Ho Mnwungon mdir aschwratc. Die bolo- 
raotrlachcn Yuntucbn von S. 1\ LanouTv raid V. W. Yhy wanm von hirron 
Kriolg bvgldtot, wi dnO Vkky achon rlno Tomporoturknrvo ffir dlo volte T a rn a t io n 
entwnrien knzmtu 4 . Oliwnbl dno vollatiindlgu Anroubnmg dor Ergebnim dnmal * 
noch nlclit mflgUch war, da <Uu Hodulmngun iwladum Tompcratnr nnd Strahhug 
noch nldit featatandm, nflliam rich (Hu YxxYKhcn Baton achr don neuxritilchon 
radlnmotrlacbun ICcgubniMui. Mach K. Bnmaim 1 tmd R. MOllkr rind dlo von 
YntT mltgutdltun Zalikfiworto dnrchaw ditwandfrd tmd nnr abaolnt oltraa 
in vnrkldnum. Ski rukhon In don Orlginalangabcn von — 4 6* Ua +181 ° C 
Iftr Htuunwlnkrl von 80* Ha 0°. Dlo Nnchfdttagaknrvo 1st wonlgnr atoll, dno 
Tabnche. dlu ouch dlo nouonn Moarangon, wain ouch idcht ao nnfflUll g, bo- 
atfttigcn. Nadi dtm nuUotnotriadum Boobacfatnngnn lit dn Anatlog bb m etwa 
+120° C guwflbrldatot; wknrdt dor Abatkg gcht, lot noch nldit aldwr^bo- 
kannt, da (Ho blither angowundutn Apparatnr bd ao nlodrigon Wkrraegradon 
veraagt. ])l» SchAtuuig fflhrt fOr dlo Nachtndto doa Mondoa anf nmd — 160". 

Bomnrkpnaw'DTt lat (Ho ra*cba Abgabo dor Tomperator. Nadi den Ma pung a- 
mgob nl— jn darf angenonnnon werdon, daO acbon 24* vor Sonnarantergang 
dor Gdrlurpunkt orrckht lit Bln valturar Nadrada dor gtchigai Wlnno- 
kapultftt doa Mondbodcna gdang Vnr bd Gokgeobdt door to talon Mood* 


* an inn. A* a»u. 371 (iwt) n. ipe, & tai (ipi4). 
43. K. 123 (Iplfl). • V|l. Ota as, 8. 409 (1905] 
n. B. 199 n. 205 (lApO) n. 24, 8. 351 (1900). 

Liter 132. B. 193 (1913). 
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flnrtanda. In gkkher Wehehaben E. Pbttit nnd S. B. Nicholson 1 dlu TotnliUU 
votn 14. Mb. IS. Jnm 1927 *ti radlocnetrlachen Bcobachtnngcn dcr Mundatrahlung 
verwer te t und dabd fa tg aa te llt, dafl die Tempermtnr von + 77° C, die on <k>r 
aenkrecht beachkneniBi Mimdohsrflfldw gcmonn wordc, achon bdm Eintrltt 
in den Halherhatten aehr reach nntur den Nullpunkt flunk, bdm Eintrltt in dun 
Karnadiatten rand — 100" amdebte, am dnnn 14 a n clnem Minimum von otwa 
— 125*hcrab*aatdgoo. Bel dieeer Gelegenhclt mag bomorkt win, daD die apuktni- 
ikopiache Untersodumg del total verfinaterton Maiden krino notion Abncrptiont* 
Union geUefart hat, die ctwa dor Erdatmaiphftro angchfinm kflnnton. 

Die Polarimtian des MoodUchta boobachtcto xuont F. Aslago 1 rail Knlk- 
■patjxlxma nnd Qnaxxplatte. Genooer untenncht hat ide nm 1890 J. J. Lan- 
Dim a . Die Heasongen entzecktm rich in enter Link anf din Abldtnng dm 
Winkria des IVilnrUatlan«niftxlmiim». Er wurdo re 33 D 18' gefundan, duch ver- 
tonft, wie N. Bahabaschkft 1 dnrch Wlederhohing dor Beobnchtungcn on dnan 
Fhotopolfliimeter von Cosmo nachgewieKn hat, dlu Knrvo dor Poleriaotion In 
ihrer Ahhlngigkdt vom Pdariaationawinkel ao finch. doB das Maximntn skit 
nnr anf etwa ±4* gtman beatimmen liflt. Ira Labomtorium wlrd dor gkkhu 
Volant bd nmhen OberflAchen beobochtot. In drier nonoron Arbeit hat uudl 
Lamdebkb anf dleae Tatrhe hingowiaen nnd betont, dafl rich din Mnodohiv- 
fMche in bereg anf Pohrtaation nnd Stnmtrag verbaltc wic dim achlocht poHcrta 
Ghaobofllche. Nimmt man dnen Wlnkel von etwA 33 * ftir don Mond ah gr* 
geben an, ao wfirden glariga nnd ranhe vnlkanhcha Gntclno dun Boobachtnngwi 
am beaten entaprechen. Nadi G. Abhsluni beatchoa din MareflOchon amiBawU 
nnd Lava, die Getdxga ana Tranhyt tmd Blmaatoln. 

19 . Anhaltapunhte Hr die Entstahung der Mondoberfllohe. Dbcr ilk 
Oberflftche des Morales nnd tine Elmdhelten mriatlsrt chm ao wnfanando Idle- 
ratnr, dafl elne Beacbndbnng der Wallebenen, Erator nnd Muldon, dcr mdt&r 
Ebcnen rait fluen ana Gestdnstifiiiuneiii beatahonden Randgobii gpn , dor Rilke 
nnd cingeriraenen Tiler hhr nntertldbcn kann. Dio Frnge nach dor Entntdnn* 
dfcaer Qbe rflldicntcara at l o n e n iat von der anderan, die rich mit dor Hcrknnfl 
do Honda bacfalfd gt, kaiim in trennort. Dio mto blldet dnon Gcgcnstanri dci 
voglddienden Geologic nnd Seknalogle, dio xwdto gehfkt In dan Gobkt da 
K oe m ogoflle. Worn in ri norn a*Luphyri fcalhchen Handbuch aolonologhcho Dingi 
a n i fnhillfhfir behanddt warden, ao goachicht a oigentllch nnr dohalb, wail (lit 
Gcologen nur annahmawelae rixunal den ICond ana dgenar Anachannng konnr-n 
nnd ven dices Sdte fiber die varHegandon Fragcn lodlgllch auhr otignradn gu 
haltiaie Anfienragsn voriJegan 1 . VkUfdcht wlrd die YorvoUkurnmnang der Phntu 
o der flcbaa das Stndtnm der noneren, vnrfm Pfllfli^n Mondanfnalinici 
daalntaaaae der Gcdogla Hr dleae Frvgen mehr anrogon. Von don bMurltfei 
Ver flrfmtH f hnngwn atod dleBerngkoogen, die E. Susas* flbor den Mond goOuflor 
hat, tiot a line r gedrtogton Kfine nodi hen to von bemnderam Wert. Unto 
den von geophynkalhdier nnd agtznaomlacher Salto bekarmt gowordanon Go 
danteigliigoQ 1st neben dnera Bnch von S. GOnthse^, noben don Arboltn 
von M.LCKvrr nnd P.Pdihsux 1 elne krltiachc Zoflammen fawrang von J.Wi lain n 
beaooden erwflhnenewart 


. __ W«*tl&.TVIhoii 8.111 (1916/27). 

■ ^ Hajto * m - 3* 8* 3M1L (IMS). 

1 S a 109> a. ISO. 8.4164 (191M. 4 AN aao, S. 7 (iOay). 
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Fttr einen Renner der Mandobarflflebu iirt die RdhcnWgo der Klanalaglacben 
Erugnimo kanm nvcifclhaft. Wir Wnnm rie, In dm Hanptponktcn flberein- 
Btlmmend mlt den Anaichtcn von Lqiwy nnd Puiekux, drrteUen In 1. Er- 
u turning der Oburflflcbe nnd Bilthmg dner dnhcitlkhcn boa groBen Kraton 
nnd Wnlkbcnen bcntclicndcn Schttlo, % Entstdnmg der Marccbenen dnrch A real- 
empti onen, Depreadonm und OberOutimgon, 3 . vnlkanlscbe Tftiigkrit nnd 
tektontacho VerUndaningen Inf algo der Erkalttmg dca Mondk/kperm Diem Vor- 
DtoUnng ontltfllt bercits dnm Hlnwein anf die Krflfto, die don Mandbndcn ge~ 
Hcbaffcn hnben; ale schltofit neptmdachc Gcwalten atm nnd fQhrt alien anf phito- 
nischo Klnwirkungcn snrflek. Dan lMmflro 1st dio nngcstOrto Burgiandachaft, 
das Kmtemx.nr, in dem dio groQcn Ringfnmxm v nri xin achan. Soknndflr rind 
alio Kbcncn nnd dla an flirts RAnctom befbulUchon ..Gchhge", dio nlchta andoes 
als mortnenartlg nufgustanton odd hurstartlg venwtatc* TrOmmermaterial ehe- 
mnliger KratiT rind. In dor lotxtcn l l haao der Bdcnologixcbon Entwicklung rind 
dio Iddnen Kmter, Kmtcntdban nnd Rlllcn entstamton. 

Die Begrflndnng dner jedra solcnalaglacbon Hypothcsr mufl anf atattoHachm 
Dnten flbor dio ViTtdhmg, dio Ortonttoningj dio Farm und GrOfie dor Krater 
fnflen, doch 1st das botmfbxlo Material, obwohl cs in den sahlloson Mandphoto- 
gmphlcn berrits implidto vtrilegt, emt in wonlg emcbOpfcnder Form msammon- 
gcsUilt worden. Die Vcrwcndnng der hbhorigai, hfldiatcna itdlmweise mafl- 
holtigcn Kartnn von W. G. Lohhmajin, J. H. MAmjcn nnd J. Samror sn dlaaom 
Zwrck 1st beqnemcr, xdlto abor in Zuknnft gflnxlich vcrmlodcn word®. 

Dio wonlgon nxnpbonxitrlachen Dot®, d. h. sahtonmflfflgcn Angaben flbor dio 
Hcrichungon clcrGrOflo m andunm Eigcrach&Ftm dor Mondirater hat E tor 1 
gulicfcrt. 3tr geht van dom ZahlmvahAltnis h ana, in dam dor Knbiklnhalt dca 
Inncnmnnuidcr MchkI krater xn danjonlgtn dcrUmwallnng stdht and nn tarschdde t: 

1. k *->oo PujxaricHXBi, Muldcn nnd nndlnao Kratcrgrnben, 

2. k > i Uborwicgcn dca Iuncrnmnns gegen dan Wall, 

3 . h *1 i Narrator Mondkmtor, 

4. 0 < h < \ Ohorwtogm da Wallmatorlo gogoi don Innonranm, 

5. — I < 0 Toflwdm anagcffllltffl Rlnggobtrgo (Wargcntin), 

6 . h — i Glatto Ebcno. 

1)m VoriM'miBlHin (tor Hostohnng k » i ist fiberans morkwftnHg. Dio Taisadio 
liuNigt nflmlfeh nlchtH aiutoms, an dafl dio Kmteriandachaftcn das Mandas fibor- 
hunpt niclit oh (iuUrgo anbafanun slnd, wonn dio RfagwADo gatuto ansrckhen, 



Ahh. 34. Pro/Ib wo ttndknten (nub W. Ododmu}. 


uni ndt ibrom Material dla Verttofnngen anax n g toidwm . Man hmt dia* Goartx- 
miillgkdt als Scmtdnmdio Rogd bosdehuot, da rie berrits.H. ScsitflTXR bri 
sdnan selonngtnphtodion Stndkn anlgefaflaa war, 

* H. Kbsbt, flbor dto REnffioUrr (too UaaOm 
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Anchdaa Vahfittnk KrBtertiefeaamDurchmcaaBrhatEHEKrgoBancrBliidlort. 
Dor Quotient wild brim tJbergang zu kkrinai Km tarn lnuntr grifler, vu kaum 
yrfUTUg min harm . Bd 28 km jW dmu^ff mflcfat llch BOgRT cdo dmitH nhw 
Sprang bemerkber, ao dafi anzanehmen 1st, daB defat nor die Zdtopocha, sondom 
ouch der Prasefi der Efldnng dor klm’ncren Kmtar geg enfl b or dim grdSan ob- 
wekhend war. 

AhnHch wie H. Ehkxt hat G. TOv 1 , hauptaftchllch an! don Parker Mand- 
n»ino gortfttst, die 7M\ der Ringfannen mit Zentmlkcgoln und din TaW A* 
m Omen gehfaendeu paruitlscheu Kmtar bestimmt and beldea ala Funktkm 
des TVn r h mwM i in Knrven anfgetragim. Ea geht damua hcrvnr, dafi bcatfamutc 
D uwlun eaoe j w erto (25 bk 35 km) rich ak bewmden gtinatig, andcre (40 Us 50 km) 
rich sis beeondcra tmgftnetig fttr die Bfldnng der Zentrolkrater und Paiulten 
enrleeen haben. 

Neben dleeen iperiefleran Unteouchnngen rind fftr die Entutohungathoarlc 
der McndntaflAche mch vwachledeoe ftHtflgtiche Wahrnehmungcn von Wlchtig- 
kelt Die Walk nnd Sohlen der groBcn Krater emefadoen a. B. ndt kid nan 
parvritkehen Gobllden dnrcheetxt, steUenwdae sogar ftbom&t. do d&J3 men an- 
nwhm^fi darf, daB «lrb die groBen RingwflUo zoexat, die klrimm iTmfwr rfa giy n 
■pita: getddet haben (FRAjazcbe Regd). Ebenso anflalkaid let w, daB rich In 
manrfian Gegcudai Doppelkmter geradezu hflnfm. (Umgebung das Gembart), 
wfthrend rie an anderrn Steflen verbflltnkmifllg Belton rind. u. a. ra. ZwdfaDoo 
haben die grafim WaDebeneo, van dcren Zentndberg ana botrachtot w u g ni der 
Bodepkr ftnnnmtf famm eln Sotnn dea Ri n g w alla am Harlxant richtbar win, ml 
derEzde nlchta mnoglek-hen. Unter denklrfnerm Kratam. dio nur wu ulgo Kilo* 
meter fan Dacchmeaer fnMw, gibt ea dagegen Tanaondc, dio In ihrmn inlleren 
AnbUck tod irdlachen Vulksokagefai (Abb. 25) kanm abwdchan wQrdcn. Bel don 



Abb. as. P toBL dm Yam (aaoh F. Ho miiinm ) wml Abb. a6. toMw ikh 

dam Ucadfciaten (IT ak tib d m k Ulauu otva nhnmal ah Typoa Tmidulmr 

kldnBr). Maker Mmdkntor. 

whTln a ra winrigen Kratem. die xuweflen, einer Pariechnur gldcfa, den Hand- 
boden fiber efariga bundert Kilometer darchriehm. hemcht dio schema tdnurtlgu 
Sprctxfbnn var, wie do enf der Erde roach bervarkroebonde Gase anf Lava- 
rixfimen und g fflh e nden Ketallmamen hervuuurufen pftapn {Abb. 26). 

80. Tbocrien fiber die Hntatebung dar Mondfonnetlonan. Ea kt nlcfat 
redit veratlndlkh, warum rich angedchta der grofien Mannkfoltigtojlt von ring- 
artigen Facmen anf dem Monde eine Jede ariennlngltriM Th«3n bkhcr ateta 
raf dertn emheltlldiB Eridtamg ferigelegt hot, obwohl Khan dn Dfichttacr 
UberbHck rin achematkchea Pmfaaam oiler KandgeUlde dutch duo elnrigo 
■tane Hypothe* ok ouogeadikaKn endMdnfln laBt Van der Erde on rind, von 
■chmelen RondgeUetm o h ga a eh e n. imr die Offnungen der RinggeUrgn und 
Krater richtber. Wttrde man anch die Anftw bem teflen kflnnou. ao wfirib 
swetfafloa due grfiBere M o mulgf o mgk d t der Anadiaznmgen, beeandera van gcaln- 

^num Joemsl 1, H. 3 - 4 . B. 130 (1934). 


1 




mao. 


Thracian fiber ills Entatafaaog dor 


guchor Suite, sum Aoadruck gekmmnm arin. So badnflbokt rich dor Mahorigo 
Wottbcwcrb nur auf iwei Hypotbooen, von die fm—diHwflHrfi endo- 

gmo, die andcre ocugeoc lilnwlrknngmi varmnaootxt. 

t)bor dlo kkrinorcu Formen 1st eLne MdnnngavBrachledcnhflit kum dankbar. 
Bcrtckrichtlgt man dlo gegonflber dor Ezdo wmt gertngere Schwerkroft tmf dor 
UondoborflAchu, so llngcn ksnm Bodcnkon vor, silo Kmtar nntar mad 7 km 
Dnrchmsur els vulksnlsr.Uo Gublldo an botrachtan, wobd dor Begriff natQriidi 
nicht su eng gofsBt warden daif. Dlo Dormalcn Anfachftttungikr&tar, dlo Schfld - 
vulkano Hawaii, dlo Rdhonkrater Inland* und NonaeolsixU, ugnr dlo don Lava- 
strOroan anfidtsundon Sprabmcbamstelno kfinnon hier jo nach Bedsrf ohno Bo- 
danhan mm Vcngbicb beanngesogen wmxbn. Anf dlo groBcn Rin g go bfa go, die 
50,100, jo 300 km im Dtnrhmcflsor loascn, 1st olno strong an irdiache Krstor 
angdehnto Hypothuso natOrlkh 
nlait snwondbsr. Aafuchflttaiiga- 
kmtor idnd In dioocn Dimcndoocn 
und bntbaKtblscho AnfwAQnmgan 
mit nachtolgondom Klnstnrs dcr 
Docko la dltnor Zshl und kliarinchan 
Form undunkbor. Dos errioht man 
nchon ana dor Tstmchc, daO zahl- 
ndebu Kruter hd den Maruonf- 
icbmdinngun rich vnm Bodan los- 
gdflst hahUn und fcrtgotrbhon 
wordon slnd, ohno an ibren WBlbn 
orbohlLchtm Schadim xu lddon. Dbm 
kOanon also mlt dur GrandacbuHo 
nicht fiat vcnmobmai gowoa cn sdn, 
ataxtam habun rich darObar wtrrad- 
kw athnhan. 

Dlo In dor praktJachon Uaologb 
xawoflan anguwtmdutun Lalxrato- 
rltmwvunmdio halwn onch dor Solo- 
nulugb idnlgo wichtigo Fhwoadgo 
gigobon, wiwult rio natftrifch auf 
Homan- und nicht ant ICnkkular- 
krflftan (Bkwmtbunrlul) anfgobont 
warun. Slu alml in groQor Zohl 
vim H. Khkbt 1 , H. Samnnjoi 1 , 

G. Dahhkh 1 u. a. angustcllt wordon 
und haban angonachrinllch dan Bo- 
wall urhrocht, dafl AuabrOebo dfinn- 
HOadgcr, roach amtarrondar Hatarlo ana ongon Bodan&ffmxngcn odor Dompf- 
expladoixm In doom afihflfimlgen Magma, also Vorgflnga, via wit Ho anf dor 
Kerb buanndun an Scblamravulkanon boobachton kflonen, Gobfldo lieforn, db 
nodi Grand* und AutrlO don groflen Moodkntsrn auflorocdontllch Shaikh rind. 
Warn man such db Bodoutung darartigar Ezporimcaite fftr koamogo n bchc 
Thoorfcn nicht ObenchAtm dan, ao kann doch bohanptat werdan, dafi dner 
KridAnmg dor wkhtlnton Mmd far i na Mim im du r di famm vulkanbicbe Krfifto 
krino Donn cn a worta i Schwicdgkritan im Wogo stehm. 

1 H. Ban, tJber dlo dai Hondai (1900}. 

* XL tkuiHuuu, Die HnfaanDe da Honda (1905 a. 1911). 

1 Xenbalbt (Mloend 8.B a. 53 (1W)> 
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■ E* darf wobl dk Anaicbt anageaprochoi warden, daB gegenwfirtig die An- 
nahnvi aadoganer Srftfte in dem hkr engedeateten woiten Sinno tenter dm 
Goolngca nnd dmjmdgen Ait mnnrrwn , die Mrmd am elgener Aoschanong 
gunaunr tarn mm , vorhcnacht Zwrifelka 1st aber der MandvulkanlamaB bente 
ypUatflndlg orloschen. Ea gebt alun kanm an, die Gksmeteorlto odor Tektite 
CAofitralltf], Bllitonite), die in ihrem optkehm Vodudten an rnuho, Btanbbedeckto 
Otaidinnflflchan erinnem nod darin der Oberflftche dei Erdtrabnnton gkJcben, 
otwa anf versprltxtfi Mondlaven xnr&ckxuffihren (Ehert). 

Von dram ggmHch abwdehenden Standponkte geht die Hypotheae mm, dk 
dk McmdringgeUrgD anf van anflen w likuu no Krlfte, insbesandcro anf den Fall 
von Metcorlton, anrftckfOhrt Sie iat von R. A. Proctor 1 in minom Mon dmrk 
udgcatnllt nnd beaondera vtm. dam Geologen G. K. Gilhkbt verfochtcn. warden. 
Diem VarmteJhrng ahfllt duo gewime Stfttxe dadnrch, daB durch Anfatnr* von 
E&pem in a&hflflaigD odor afauibartigB Mafr—•!«» kratarflhnlichc WMimy n ent- 
ftteban. Berdta dnrch Aafipritcen von Waa m r liup fen an! Schlcfaten von Schwefel- 
bHttc, Btriappaamen u. dgl. laiBon rich RingUtdungen erziclcn. 

Tibarxengender ala diem popnlflnm Experiment*! wirkt der Hlnwdi von 
H. E. IvK8 a , dnfi Jedec grOQoo Motaontnn bd Abwromhcit dner Atmoaphln 
b tots dna Explosion bavorrofen nmfl. 1st M die Mum des Meteoriten, « erfne 
Gcechwindigkeit, * aeine spezHUchfi Wftnne, T t ttipe ElgauLoinpantnr nnd A du 
mcehanbcho Wtnnaflqnivalent, ao iat dk> maiimalo Tompermtnr T, bis m der 
dor Anfstnrz fflbran kann, ana der Giekhimg fflr dk Dewegnn gBCBggk 

— Mi[T — rj A 


berochmbar. Sdbat wain v nur ginich dor halben Erdgmchwindlgkait, aim 
gklch 15 km, ferner *—0,2 nod T 0 «■ 0 graetxt wird, shfilt man, da A "-4,2 1 id 1 1st, 

T -wS“ 1 » J0W “- 


Din atifischweigmide Yrannontimitf daB die entstebeode Wflrme voUkonunon dam 
Metaariten vcrWelbt, iat richer nkit autieffaa d, aber sdbat nach Absng von 90% 
dm beredmetan Betragea blrfbt sine demtige T emp er alu ro b flhnng flbrig, daB 
enter finer Wlrknug jades Material momentan in Gaafarm fihergehen, d. h. ex- 
pksdleren nrafl. Sefbat bri eehr a e fart gen E in a Ursm worden aomit Kratcr ent- 
steban, dlo In dor TMchtamg der Scbwwiraft akntkrt slnd, due tlboxeiigniig, 
die dtnch die Metearitenfifie von KnyaUnya (4866) nnd Ttmgoska (4908) voll- 
kommen geatfltxt wird. Kldne, our wedge Zentner wiegende Metecritm Unnm 
demnadl vabfllbdflnflfllg grofie TA4 mw l>a vig4m ngwn. ‘ffrfkbnm gwgnmaB p£kgUL 
Flugseogbomben dnrch fine Explosion in dem Bodm Kmtir an eneogen, dk 
(Sw—TwiilHiir riiiwMw ttm das 7iJmf«plw fibOTtieffan, 

In nooerer Zdt bat A.^Wicxiim* die ezogene Hypotbeae dor Moodkratw nen 
anfgngriffen, wdtem Vermcbe ao Ihrw Stfttxe ongeatefit, die ~P mfTln dor dunk 
Ifnaininiirahira entatriienden Kratar nach beatinmitm GnmtxmlBigkiAtan qnfag* 
nebt nnd die Daten nrft dem Wnwfe vm^lchan. Znr Verwendnng Zement- 
nnd Opapolver, daa anf elne lockece Zemmtnnteriage gew or fen wnrde. Die anf 
cHmeWeua kfintlicb bergestellten Krater stimmen in dm zdativen VcnhAltnisen 
derHfihen, Tlefen undNagnngei nfitliwvi gut nrit den von Shut featgmtelltm 
Daten an den Mopdringgab b ge n fibodn. Znr w d t e ren Stfltae der Thwrle wird 
von fimn Anhingem anf den aog. Meteorkrater nnwdt dee Gsfiwa Diablo in 
Ariaana hlngm f k aen. dnm Kxpkidnnstrichtcr von 4 km Urnfang, Um- 

1 R. A. FUCU, Tkm Uoaa (lln). 1 J 50 , S. 345 ( 1919 ). 

■ A. Wmm, Die Rnistsh e u g dm M a p Jk nUn r (f gat). 
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Tbourica fiber die Entetobuu* dcr Handfdrmmrt men. 
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gcbangbcl dor EntriRdnmgvor 50 Jghren von BruchtrilenrincagroBcnMotaari tun 
bedockt war. G. P. Mkkujll 1 hat fiber den Krator und die Fimdo elnen ans- 
IfibrikhoQ Bcrioht om tot tat - , tmd os raofl xogegeben wonleo, daB GinZnaazmnm- 
hang tier Bllduiig mlt dnom Mctoocfall kaom so lengnen ist. Ob ober damns 



Abb. 311. Her Uetarkimtcr vno Arte®*. (nub A. W. S ii v ui ). 


dno infenologlacho Thoorio dor KumUorm&tlonan abgolrdtat werden darf, cr- 
achdnt mohr ala swdJclhaft, sumal die Hypothen don Tataachoi, die wir 
flbff die Zahl. Grflflu nod Vcrtdlnng dor Motoam wifnen, nicht rocht ontsprlcht. 
Dora Elnwand, daB dann aoch (He viol nuidguro Erdo sahlndcbo Hotanro ein- 
gofangon hflbon mfiUto, begegnot Wkgdckr darhrrch, daB or das Eidgnls in 
dio Zdt dor Kntstahirag due Erdtrabantan vorkgt, d. h. an- 
nlinmt, daB rich dor Hand Ungmun (larch %a*unraoratnra 
kldnar, in dnuni Ktngo dk> Erdo iraikrdimulor Mamnn 
gobildot hobo. 

Im Verfolg dor Holcnolngfaehon Hypothosen Ist anch 
vkdfach ant dio Polvgonfocm munch® Krator MngDwkmm 
wordon, tmd man bat damns Batfltlgangai ffir die otno 
odir andoro Theorio ohmloltai vcraocht, obwohl hhnn 
dgmtlldi kdn Gmnd vodiegt. Donn dor Kondbodon hat 
richerllch noch langoZeU oach dorBfldnng dm 
landachcftea plastischo Eignmdutften bewahrt. 
wirkmde Kitftd, dio vidleichi ant Stflnmgnn doa Hr- 
Htammg sp r oHMa a surOckgotflhrt warden dftrfcn, kfirmon 
dann aehr wohl dio geomotriacho Form dor Krator durch 
Drndt odor Zng so booInfloBt baben, daB hior nod 
da fibendnatimmend wiandorto Polygonmnrlmo on titen¬ 
don rind (Abb. 39). 

El dart angenamoian warden, daB diajenlgen Krator, von deoen dio bo- 
kanfltam Strahlonsystozne enegnbnn, wie Tycbo, Kopcmlkna, Kepler n. a., rich 

* Mum UteCon so. MXV.&tfl (190IQ. „ „ , 

* V|t Utah dm Mcbt von W. D. Booiwsj. In Vat Oaogr. Xtgu. Janl 192& 



Abb. ap. Polygonalo 
Kimtafrman uf 
da Mania (fesQU- 
d— ■ndUnariHiin). 
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Whwl f niumflfflg sp&t gebildet bAhwn, ala dor Mondboden bcrdts dncn btihorm 
Gimd tW esrdcfat hitts. Um die AusbmchmantXBn haum antstandcn 

dabei tiefe, radlale KHtfte. Dlhmflfladgo Lava. fftHte rio un, quail flbar die 
Kinder, entnate »Ar ranch TtnH bfldete die z. T. Hnndcrto von Kilometom 
langwn str rffcn, die nfonn Bflckricbt auf Bog trad Tal lortlaufen and an ibrcm 
photnmgtriadMi Vqrfaaltm (Ziff. 17 ) fine stark Iflcherige SUuktur vurm ten. Ahn- 
Hehe ■n yfftTitw Gflnge dud anch anf der Erde wohlbekannt and ondchnn anch 
ViW off Anwg nTi g«tT^ f«y ideh t, wie than dai an! dom Honda z. B. bd Tycho 

beobaebtet. Die van M. Lokwy trad F. Puibeux 
vstratoiB Anachannng, daB dlo Straiten dnrdi 
Aachenregen antstandcn alnd, aotzt bel (lioBen 
Rleamkratem nicht nur richtlgo vnlkniriscbc 
Anafarflche, aondan anch elno vishAltnlsnidBig 
dichte AtmoaphAro mlt wechaolndcr Lnftztri- 
mnng varans nnd 1st daber nnch unseror 
heotlgen Kinatallnng gogenflber der aolenologl- 
achen Yergangenbelt nicht mchr baltbar. 

Die gerlngaten Schwioigkfdton bond tat dlu 
Dentnng der RUlen, jener klaffanden Spaltm, 
die rich beaonden in den Maxoebonai, d. h, dim 
magmatisch anfgQachnicdxenon Getdoton, ge- 
blldbt haben. Ea rind anachdncnd die letzim 
B rarhnhnrn g afirmnn dor anlenolngiicbcn KrtLftr. 
Wtthrtnd die bcQen Straiten odor vWmahr die 
Klftfte, nnf fiwem Bilduig rio znrOckzuffihzan 

■tnH | tmA nm w m n Annnhmwn tluich DrUfik Van 
union entztanden rind. 1st bd dor RUlmHldung 
rrfftmhar hlnflg Drock von oben maflgobtmd ge- 
w we an . t)ber wrdtan Hoblrftnraen, die rich enter 
den fmten, aber dfinncm Dccken gofalldot haben. 
rind die WAOningen dngeeanken raid dabd z.T. 
goboraten. Dio Form mnnchcrRilkinlxirdo solgt 
denthch, daB dor Mnndhodon znr Zdt ihrer BU- 
(hmg rine aohr zflbo Kcaoriatanz gohabt bat. In 
der Umgebnng dm THmockor (Abb. 30) lanion 
z. B. die moisten RlDen in frinn Sjdtzon vox in 
dcrenNlhe gewimennaflon all Fartsatxnng now 
PandWHldtmgnn auftaachon raw. 

Fttr die Eikeontnia derEntwicUnng derErdobarflAcho 1st dor Mb* 1 *! inaofcm 
lahxxdch. ah er nhgmda Sporan lrgendriner Schmmpfnng anfwdst. Faltnngcn, 
KettengridrgB new. began an keiner Strife vox, und wo Zng- tmd Druckkrtftc 
wirloam geuuen alnd, vrla z. B. bri dan ebon betnehtatan KiOon oder atnlgan 
bekarniten Ygwafuugaa (Thehtt, Cauchy), arigwn rie dcntUch Anzcdchen der 
Bxpumkm imd nidlt ifew TTnntwIetimi 



Abb. so. 


e) Die kldnen WeltkOrper im Sonnensysteni, 

81. Die hieinwn PlanMen. Die Gmmntferft dm Hnlmm Writkfcpm, dia 
rich xwiechen der Man- tmd Ttqitobehn bewegoi, aber, wie die Beimarie von 
Era trad Hidalgo zrigen, in rinzTilmr FlUen faat die Erd- bzw. die Satnmbabn 
errdchen Uhmen, ht lange Jabmhnte Wndnreh aatraphyrihaUach vnmachUmlgt 
warden, tmd anch g egauwlrU g Hegt daz Afbrit^ebiet riamHch inch dandedcr. 
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Da Untunchiede gogun dan Sormenjpektnrm nicht vurilcgeai, konxentrlart rich 
(tie Aufmarksfirokdt tut onaachHaflUch auf das pbotametrlscho Varfcalten, 

Die Vocstrllang, daO TTniHgltPl teangabop untcr Umstflnden aadi Dnrch- 
nraBcrhcstlntmungen dnoe fornan Weltkflrpes m a s cbucu Imatondo rind, Uegt 
to mho, dnfl rio acbm In dan eraten Jahxxabnten nach dor Entdeckung dor Cares 
goflnflart warden iat, Warn die Idee trotsdam kcfao nyst om nti se ll n photocxj Ir lacho 
Arbeit sngoragt bat, so llcgt das donut, dafl selbst bis gegan Endo das 19 . Jahr- 
hnndcrti mnreriflarigo Hdllgkrt tudatim nor fftr die haQatm Sterna voriagmi, die 
also lfir (Ho groOo Masso dor kldnon Plano ten els Anschluflobjokte flberhaapt 
nicht in Frogu kamon. SolhstflniHgo ph otom otriache Mcnngan dor kldnon 
Hone ton rind mrr an dam Potsdamcr nnd dan Harv&rd'Obearvatariam aus- 
gctfihrt wordim 1 . Sio botreffen kanm droi Datsond dor beOercn dkaer Kflrtw, 
ursbockim rich ahur s. T. fiber mohroru Wochon dn nnd damolbcn Oppariaon, 
so daO wari g ste ns fiber dan Fhasan variant dn goufigond klnres Bfld varllegt. 
Allen, wan wir fiber (Ho andaran sefawflebaun GUedar dos PlanatoldanringBS 
wbaan, hornht an( dan mdir odor wanlgur nnricbcnm Schltmngen dor An- 
nchlaOboobachUx lm GrO fl o n a ystom dor Durchmastaungan odor dor bmratxton 
Pnritjanskatfllngu. Exit In dor nanaren Zdt bCrgert rich hler nnd da dla fftr 
kflnftigo Boarbdtungan nfltsllcbo Gawahnhdt dn, st&tt dor Hnfnchnn HriHg- 
kdbnng&hun Yorgkndto mlt benochborton Stamen ansnstdlcn and bokumt- 
ngoboL 

Din HoIUgkuitan dor kldnon Plnnoton in mittlaror Opposition rind In dan 
rattan Gnmxun xwfaichan 6*,0 and <14*, 5 alngoachlonan, Nach G. Sthachs 1 
Bonrbultang vun 1024 llano ton mlt gorichartor Behn wflchst die Zehl von GrOfio 
sn (irOflu bis 1i",5 gonmotrlsh ndt dam Foktar ), van da on Us 13*.5 mlt 
dam Faktur I.J. Van dan schwflchstan Rflrpom <13*,5. die nor etwa 20 % dcr 
hhherigun lintdockangsriftre: ubinohmon, bit richer cut dn gartngor BracbteH 
antgettmricn. Nlirant man 15*.5 sis (Mu dorsal tigo Granso der HolHgtdt Ifir 
dlo MflgHchkdt ulnar Entdocknng an, so kann nach dent Gong der ZHfam die 
GoMzntxalil auf etwa 2000 bis 3000 vcranschlagt werden. 

XMu tjreprflagtlch guhegto Varmutung, dafl dlo kldnon Hanetan lm dnednon 
das gldcho jihutomatrischu Verhalton sdgan mflflton, hat sich nicht boatttlgt. 
Wcon ondt unit woidflo richaru Da tan darfibar bokannt stud, so nntnrilegt as 
dnch kdnam ZwaiTul, dafl Faibo, Albodo and Phosankocfllricnt bd dan dnxdnen 
Komrxuxmtuii (lea Scliwanuos lnnorhalb raitar Granson woefasdn. Dio ric hnrn t pn 
KrgounlHM] lwddMi sich ant don Phaaankujffbdantcn, dcr anndttdbar ana den 
SchJLtsuiigmi odor phuhanatrlachcn Maramgon obgddtot warden kann, worn nor 
(Ha Rodnktkm van fM 1 auf r|(r, - i) 1 (Ziff. 7 ) and die GcgenfibarstaUaug dcr 
id amgirochnutuu HdHgkdton mlt dan Phasorrtvfnkaln notwcndlg 1st, Fflr die 
Boobachtaagcn bis 1897 fat (Mas darch G.MOllkb 1 gos e b o h o n , dnlgoe wdtero 
Material von 1896 Ms 1898 hot 1C, C. PicmiKG gosammdt Hknos goht 
bervar, daO dlo bis so bfahstone 33* Phsso vartalgborcn.Koaffbdimtan swiseben 
dan Wurtun 0,016 Oris) and 0,053 woefasdn. Der afldn (lurch die Phaao, 

also ulmo KDckricht out Samian- ana Enldfatanx bedlngto Lichtwochsel kann 
rich also lm dnsdnen nrisdum don Granson 0*,5 una 1*,7 sbspiden. Wlo 
hd dor Muhntahl dar groBen Plano tan wddton each dlo Fhasaokarvon dor 
Astarddan in wardg vcm garadan Iinian sb, dafl die Bcskdmng swlschen Phesen- 
wfaikcl and Holll^elt sis Hnoor sugenommaa warden kann. 

Direkto Mlk namctBraMBWmg en das Darchmcasars haben erst bd den vbsr 
haUiton grQOtan Plsnetoiden nun Zlels geffibrt, doch ridd die ant dlesem 

*■ (i. MOllks, HiDtonstxki dor Gatfrns, 8.375 (1897)* 

• Kqpbn. d. assktoe KotnrvU. 4, & 1 (1034). 
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Wege von E. E. Babmabd erbaltenen Dimenaloncn 1 nkht ala aohr zovcrilarig 
anrnachen. Sie fflhren bd Cera anf 780, bd Pellaa oof 490 and bd VoBtn an! 
390 km Dpre hm a s a er . Beraere Ergrimlae vwapricht die InterferometcnDcthodc, 
doch Uegt in dlaerHlnscht ant dn dodgerYeraochvon M. Hamy 1 (Vesta** 400 km) 
vor. ZarAbidtangdtf Dnrdnaeaaarbldbt aaf die*WeJsevorlfinflg nor deranlangs 
ervrfihnte, besondera von F. W. Abgklaxdbk beffirworteto pbotometrlache Wog 
often, dcr alch io deflnieran lflflt, dafi man fftr din Gwwmthdt dcr' kldncn 
Planeten dnm mittleren Albedowert konatrniert and ana don Baton: Sonne n- 


bdHgkrit in SterngrflBen, mltttoe OpporidanagrOBe dea Planeten and Albedo den 
Pnre hm csKg: bereebnet Die urafanindite Beorbcitung doa Material* hat wiodcr 
G. Stbacxe 1 anageffihrt. S4e bernht anf der Albedo 0,24 and hedeht rich aut 
1024 Plmeten. Mar in 14 FlUen ergab din Bercchnung offektivo Dnrchmcasor 
von niebr ala 240 km. Bd etwa. 90% dcr behanddten Kflrper warden Durch- 
muar untar 120 km gefanden. Diem Allgemrinflbeiricht lat wcrtvall, da rib 
dn ungdlhrea Blld liber die Vertdhmg der Dlmcnrinncn 1m Plnnctol dotting 
geatattet. Die Ebudogrimn kflnnen netftrilch wegen dec bodcnkHchcm pboto- 
mctxiKben Voran u Imo gen. kdn beaooderea Yertxanm beanapmeben. 

Anatatt die Dardmxeaer ana dem Pbaacnknotflalentcn nut Hllfo dnea an- 
ge n o mme nen Albedowartea zn head m en, kann noch dn andcror Weg dn- 
geedilagen warden. DbErfahnmgimLabcratorlimi aowie inMondhxw. an Venn* 
kbrt, dofi ranhe Kflrper kirinw Albedo elnen hohon Phaaankocffizkmtcn habon 
and umgefakrt, Woden die Beslehungen zwtabon Phaaenfaktar nnd Albodo 
anf Grand do experbnoxtellen nnd aatraoomiacben Erfahrnngcn graph lack auf- 
getzagan, ao obllt man rine Knrve, die die empiriaebo Gau ta ma vur- 

anachanUcht, nnd ana dcr man zu dnem geg ob enan Fhaacnkoofflziantaa oinca 
kldncn Hancten seine Albedo abl ea e n kann. Schdnbero HcDigkdt im Vffdn 
mlt do Albedo argibtwleder den DnrchmeaKr. Dieses Vofahnm hat *,B. L.BKLL 4 
axigewendet nnd anf dieanm Wege, dcr netftrilch nor ahum Notbchelf dantollt, (Bo 
Dimcnrin nai von 10 kldnm Haneten abgdedtat. Ceres, PaHos, Jtmo and Vesta 
fch lon in do Bribe, da derail Kanztanten znr FeatJegimg dcr Knrvo ndt bonui- 
grtn g wn warden mufitan. Die von Bm, in diescr Arbeit varwendoten gcomotri- 
schen Albodo wet ta alnd ndt 0,55 so nmltl pHzicn ai, ttm die flblidion sphflrlachen 
Kona tan ten nach der Definition von Boms and Rubshx ga arbalten. 


Aoch die Mism der klrinmi Planeten rind hen to katnn andexv ah anf dam 
Umwego fi ber die mittleren QppnriHng«hwTHgV«itaj| ablritbar, da, vtn dynaml- 
achoi Gerichtapcnkten ana be track tot, Kflrper von ao gzxingon DbnoDriooim 
anch bo atfrkHtr gegenaritlger Atmiiliwniig kfichstens langporiodlacho Stflrnngcn 
der Elements hervnmrfen kflnnen, die bii anf wri ta raa anbemorkbar bldbon. 
Nun entap*klit das efiAtira, d. h. ana dn HdUgkritan. ahgdctteta Gcaamt- 
VQhnnen der 1024 von G. Stracxs nntenuebten Planeten edner T? qgni von 
669 km Radius. Untar Amnhme dea Dichiewertaa der Exde erglbt aldi hioram 
fftrdie Gcmthdt dea Planeto ldenrhig Ba zw kchwi limn myl Jnpltfr 3.5 • 10" # dor 
Spnnen- oder Vim de Erdmaraa. Da ana zUkungathoarctlacban 


■ ^*r-j ■ I Ml.UH 


fdg m, die 5 ■ 10 -T bzw. 2,5 * 10 _T der Sotmemnarae b eluigcn , so kann rddit 
“kanptet werden, dafl die Fraga znr Znfdedenbeit gd^tirt. Ea H<gt nabs, 
dpi F ehlg writ eher bri den pbotometzlachen ala bel den dynandwhoi Vans* 
■etzanffn za mdien. Eine a n a hh fl n g lg a Arbeit von N. Seaudk*, die anf dnem 
otwi anda m Wege wie Sxsacn, aber ebnrrf fl n, ana don TTaiHgVri^n rinen 


l HK 56. S.55 (1096). 

■ H ifhn . d. esaUsa Ifatewba 4, S. 1 
• Bobl Aatnwom. Jornnal 2 , H, 3 , S, ja 


dSS: 


* BA 16, &257 (485 
4 Ap J 45, & 40 (194 
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Wert dor offcktlvcn Gcaomtnume ti/ar klmncii Plane ten obzuldten vcrrocht hat, 
lAUt insnfcm keine bcanerc Ubcrdnatlimnnng erkennen, ala aia nnter Varans- 
nctiling doer cinhritlichcn Dtehto, dlo glcfch (lcrjcnlgcn der Erde angenoennen 
unction lit, nuf dm* Marne 5.2 • 40“* fflhrt. Bcmcrkenawcrt iat noch dn writcra 
Eigebnia dcr SrAiil>Enclwn Arbeit, dafl nAmllch bcl VcsBinaotsnng gi richer 
Diditu der Kflrpcr in <lem Scliwurm dcr kid non Plane ten mlt wachamdcni 
AhatanU vim dor Sonne elne Maiwmabnahmc harvurtritt. 

Nebon don langmmcn Andunmgun lnfdgo von Abotand nnd Phaaenfaktcr 
mncht rich Ixri don klrincn Haneten xuwcilon aoch dn knrxpcriodlaher Llcht- 
wodurl bumorkhor, dor mdgUchorwriao rait der AchHondrchnog xnaamnionhAngt. 

J jingo Zdt hlndurch hat man die ontaprcchundcn Bcobachtungim fOr Tflnachungcn 
go ha 1 ton, Ida E. von Ofpouku 1m Januar 1901 an lira* rinen ahr bedeutenden 
Iichtwrchacl von 2 (irflflunkhueun bomorkte 1 . Nach O. C. Wkndelu pbotumclri- 
achcn Uumangon nahm dlo Amplitude bald crltobUch ab. Hflrs 12 wardc 4",43, 
Ajrll 42 nur 0",4 gomcman, and Mol 6 war dan Ltcht barrita vflllig konatant. 
Aua den dcr Oppcadtion vtnngchcndon Anfnalirocn dcr Harvard-Stemwaito 
guht hurvur, dafl dor IJchtwochad achna 1m November nnd Dessmbar 1900 
btatanden, rich aber dnmala nnr lnnerbalb dnor hmlbcn Grtfienklaaaa ebgajAslt 
hat 1 . In dir nflehaten Opjodtion, 1903, wnr dlo VarAndodichkeit kanm merUlch, 
Mksb dann bin 1908 aim, konnto aber von MAn bia Aognat 1910 In dnor Ampli¬ 
tude vun 0*,5 Ida 0".8 wiucler bool such tot werdon. Aoch 1919 war das Lkht 
tk» Plane ten nlcht kmwtnnL Dlo Porlodo betrng In den Enchcdnungm 5M6". 
Im Johns 4<XH lfigm *wd nlcht gen an gldcho Schwingungon von 2 h 25 a nnd 
2*51* Dnnur vor f dagogon lntrng lm John 4910 (Iks Porlodo 2*38*. Noben dom 
iJcht Andort rich ouch dor PhaaonJcocITUlont da Eroa. Hr betnig 1900 Us 4901 
mnd 0,037. 1921 dngugen nur (MM3. 

Noch PaatatuHnng dim vfllHg dnwandCrdon Kalla dor VaAndcrikhkdt 
Hnw ktrimm llano ton hat man ouch an ondcran dmsn IJchtwodiad pboto- 
motrlach nachgnwiaon. Dlo dnlgermafion gadchortan vorlndcrllchon Planeton 
hat M. Hakwood Mwammcngotellt 1 . Auflcr Eras cnthAlt dlo Llata nur noch 
5 llonuten, bd denon Porlodo nncl Amplitude ala nachgowicaon golton kflnnon, 
Ea riml dim 1 $ Itummia. (08,127), 59iMfltltia (08,092). 44 Nyaa (08,132), 429 Astl- 
gooo ( 08 , 10 ), und 345 Tcrddlna ((^,37). Dlo Amplltodcn omskbon hlorhflchatan 
0 m A Ida 0",5. Zdhrriju wrAndurilch iat untur andaren anch dor moricwfirdlgv 
944 Hidalgo. 

Will rend dtan kurapurindlechtm Sohwnnktmgon rich otnfn c h darch Rotation 
dor botmffondun Kflrjxif ivkiflnsn laaaun, hot Ixd arm Cn. AkdrA 4 olnen Doppri- 
planuton angnmimmon, dec noch Art dor VarnnatorungavurAndarilchon In den 
klmgatlonen dlts Snmmu, In dun Kimjunktlunan dks Different der HriHgkrit 
dem Hachuur hkston wsOtu. Darch dan Abklingon dor VarAndarilchknlt da 
Kim hat (flows Hypnthcm judnch don Bodon vadoron. Mon nrigt bento mahr 
dcr cuont von H. Skicj.tokr amgapcochonon Anricht su, dafl dlo Lfchtindeningon 
(lurch atarku Alhodouirtcnchkxle an! dnom rotkmmdcn Kflrpor borvorgnrulon 
werdon. (iuhen dkno Unterachkxks aowdt, dafl an dner Stello Splogchmg rin- 
tritt, mi l»t bd (lor garingaton Andcrung dor Achaonnrigung «nr Hlickrichtung 
rino vflUlgu Andonmg dor Iiditknrvo mflgikh 1 . Audi ocUgo, kandge Formon 
wflnm bd den Udneron 14aneten donkbor. Bel don grflflercm dftrlton aber dks 
IfoMmlatCto borrits donrt flbcrwiogon, dafl wir ale una kanm anden ala in 
Form von laaetadacb aiugc^ichcnen Kugoln ventdlon dflricn. 

1 AN 154, H.aw (19W). * Harr are Nr. 58 (19M). 

• HutQ n Nr.afi9 (1034). * AN 155. &V (1901). 

1 YgL I* Hxa, ApJ 43, H- 20 iWT). 
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Spoktraekopbch Ueteii die kkdnen Plane ten, eoweit ilo hb jotat nutcnudit 
warden rind, nor dn wcnlg geflndertu AbfaUd dec Samumatrahhuig. Die knnm 
WeUenBngen hat N. T. BaBfiOWXixorr 1 merkHch gedflmpft vargefonden. Du 
Maximum der apektnlen StrXhhmg vnrlagirt rich bd Veita pcriodbch in dcr 
Zdt van 5 h 55*. » daB damit vum ntlich die RotatJanadoucr dot Plane ton 
gefunden tot 

In der Frage die Herkunft der kleinen Hanotfcn veragt roohr odor 
wenlgcr jedeThearie. Nach K. Hmatama 1 rind nur vicr Hypothoecn diekutebd, 
und iwar 1. die Exploekm dnee grflQeiun Heneten nach der Idee von H. W. Olbkis 
nod C. A. Youxg, 2. der Zerfall edna Ringes tun die Sonne Infolgo von Jojiter- 
■tAnmgen nach der LAFuexacben koamogonlachen Thoario, ). die Thoorio dee 
Ehrftmga der hlrincn PUneten ana dem Wdtraum and 4. der Zerfall einoe chn- 
mahgen JupUaringes. Mer kwttidl gerwebe Began go g en die crate und Uteste An- 
richt inch hente nodi die geringatenBedenken vur. Eat dtr hypothctiache Kflrpcr 
dnen Anfban gehabt, wie ihn mutmaBHrii die Erdo anfwdat, ao wftren die Untar- 
■rhieria in Hasan, Dichta und Albedo nlcht befromdUch. Sic wfirden dann damuf 
nuficksaffihren arin, daB eln Tdl das Hanetoldenringea ana den kdchton fiuBonm 
SIHkatacfaichten, der andoe ana dm ac h w urm MetaHmamon da Inncm dnm 
azdihnUchen Kflrpan nrinen Urspnmg ganammon hat. 

BB. Die Planet entrahan ten. Die phyafkitiar.he Erfonchung der Planoton- 
trabanten begegnet gegenwtrtig noch den gkdeben, warm nlcht noch grOflarun 
Schwiadgkciten, wie wir sle achon bri den klemcn Raneten konnengolamt habon. 
Die Haode da ima relativ mlwVn miTMndm Mara rind flberuia winxigo Kflrpcr, 
nnd die Tnibantm von Jnpiter, Saturn, Uranua und Neptun, die a. T. von dcr 
GrODcnoninung da Erdrnonda rind, rind bo welt entfant, doB von dcr Hr- 
he nnon g oda* gir Beobachtung irgendwolcher Ehmdhoitm anf dm ObcrfUchon 
koine Rede mehr arin haim. Be^ den geringen Phaae n w in hcln 1st scTbat die bd 
den kWiii i Ranetsn nodi anwendbaro Hezkdtimg edner Basdchnng iwiachon 
Pbaaenfaktcr und Albedo nirirt nyhr mflgUch, ao dnB allodn die aduduboni 
H a IH g k elt, bier und da inch noch der Farbenlndex but Charahteririg ung dkaor 
Wdtkflcpv In phyrikaBadier Hliudcht herangoogen warden kann, 

DiovonAHAU.l877entdecttenMargtrabintonbfldmblHPn f dmhmti g nn 
Tag sir achwierlgo Objckte, E, E, Bakkakd bwnfa aelbat am 92 cm-Rnfraktor 
der l ick-S lanwaile Phoboa nnr hit anf j" f Deimaa nnr Uo anf 1 o" vmn Hamten- 
rand vurfolgm. Bine alcbere Mruug da Hefligknrt let vorlAnflg nnr anf pboto- 
graphbdiem Wege gegiflekt, und awar fand S. Koamren 1 fflr Phoboa die GrfJBo 
fflr D r a ma 12*,J. Die ernrigmt viaueltphotomotrlachm 
dfirftondiciemgenvnnE.C.PicxxaiiromidO.C.WKirDXLLBobi 4 . Sioatammannua 
dm drd Opporitkwen 1877, 1879 und 1882 nnd wnrden dnrdi Vmglrich mil 
dem rici n t r tig verklefnertnn Ma nhfld go man ten, Kftr den hftnflgiten bo- 
obachteten Ttahanten Deimaa wnrden bed dbm Gel^enheltan fflr die ndttlao 
Opparitian die GriBen 1J» 57, i3*-06 und 1 J»,i j gehmden. Phoba orwia rich 
mirwenighdla, doefa fat neA dar fl)wi4n»rimTnwM^ A we go von B. S, 

E. E. Rakmahd, C. Wnrrx und R. G. Arrxxv der Unterachled erhebllch grBflcr, 
udn dc a tma 0*,6, Da. die Trabanten kanm rinnn negotivan Farbon- 
mdex aufwrimn, rind wahrschetalich anch die angegeboiien vianeHon Harvard- 

Ad «ng«Mt»LNt*den rtotogn^SSn 

HrillgkritFTi darf nnter A rni a hmw dec Maraalbedo der Diwrbinniww iWTimbfnfm 
anf 10 tow. 8 km vennaddagt warden. 

ii£SSViS 89 « 

^ HotAib. «. Put % &23fin. Jil (t«7Y): 33. Mr. % K 159 (IflOO). 
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Van den ncun Jnpltursatolliton and die niton vier etwn van dor GrOflav- 
ardnung dan EnhoandoB, bo daB do ndt lhren tun 1" Hogendaa D urehn wern 1 
bed Btariam VergrflBcrungen gerndo nodi ah ckratlidbo Schdbchen orachrinon. 
Dio Mustang flmr Dimcnrinnan bdotot atoc boamdan gflnstigo Axdgabo fttr 
Interferometer und DoppribUdnukromotor, und tataflchHch Bind dteao balden 
Ifwtrurocntc wfedoimlt doxn vorwondet mxtkm 1 * . Iigenddne ricbcre Briannnng 
van Ehmdhdton lnt atif den kldncn Schdbcbcn nlcht mflglich, wenn anch «4n«lna 
Boobachter von hrilon Fnlarfkckun und dtrakkm Strrifon bcrlchton. Audi Zwettd 
an deni kndaffirmlgou Umrifl dcr Trahan ton Bind bln nnd wioder anfgetnncht, 
and awar BoQton do bald olUptbch, bald ccldg enchebion. W. H. Pigdsdtg 
hat albi (UindmOgtidun Bcobaahhragun auanirnnengcatollt* and glanbt danaeh 
umebraon on dftrfon, dad <Uo Jupitermondo AnhAnrangm van Mo teori tan adon. 
Da aa rich blor am phyridagtach atnrk bodnfluQta Gfcmwahmfihranngtm honddt, 
babon (Hun Fwibitnlhmgim aatztnofnbcb nor gnrlngon Wort. 

Ea gfbt wohl dnon wiaaenachaftHch dnwandlnnon, pbotamotriachen Wog, 
um flbor (Ho Guttalt nnd ObarfUchondnselhdten da Trabantai Anhaltapankto 
iu arhftlten. Elnc (kdegcnhdt blarva bio ton die Flnatamlaae, obn die Etotritte 
in dan Jupltcnchotton bow. die Amtrltto ana dommlhon. Boredmot man dlo 
thcnrotbieho Uchtknrvo ana dor GrAfio doa SoteQltm nnd adner Bahn buw e gun g 
und vcrgicicht rio photamotriach ralt dpr tutaflchllch durahlanfoncn Lichtknrve, 
ao kflnncn otwaigu atflrkoro Abmdchnngui yn Schlo Bfolgortuigtni flbor Abpiatttmg, 
Flockvortoilung tunr. onf don OborlUcban turw, bonntxt warden, Angerichts dor 
raachan Bawegong dcr Jupitarraondn, buunden dor boidon Innenxi, mPann abor 
db pbotamotriacbon Hanungon aohr roach amgclllhrt warden, was dn guflbtna 
Ango trad bd dam an manondan IntorvaJl von 8 bla 10 GrflUankkman dn aorg- 
ffllHg gudehtOH Photometer arlanbrt. Ohno B a g latrlu r via i lehtamgen lit dlo Atrf- 
gobo ttbarhaupt kaum Iflabar. Tmbi dor Schwicngkdtcn lit ain racht nmbuaondaa 
Material (Honor Art anf dor HarvaiU-^temwnrto 1878 bh 1912 grain mmol t warden 4 . 
In ckm Ixulmchtoten Flntfrralaknrnii rind noch R. A. Surwo* adtHch fart- 
Kbrdtcndu Scbwnnknngen faitatrilbur, rio lasua abor koine atodcotigo Hnr- 
Idtang dor Unsclten au. 

Kino mcht nnifuigrricho IJteratnr knfljrft abb an den pariodlacbsn Llcfat- 
weehad (lor Memde, (km hxiHta W. Hxbscitkl und H. ScHUftncRloiitgoBtoIlt hnbon 
wnlkm, Nach umvrcn jutdgon Kanntakvvm flbor dlo Amplitude dkaar Schwnn- 
kungen lot « wnlincbdnllch, daB bed (Hoaan Sltornn Boobachttmgcn hanpt- 
Bflchllch (kT bd Schfltnmgan atotn In dla Uradxdnnng trotendo FadUouswinknl- 
otnflnfl die mlt (kr Uraburfaperliidc xusuunonfiJkmdua Andorangun verge ttnacht 
hat Unter (km nunurwi Masmngarolhcm rind dlo Boobachtangan van R. Kkool- 
hanx (1870), It (s PKnntRDfGund0.C, Wnmiaj. (1877bia 1878) aowlo P. Guth- 
wck (1904 Ida igofl) boaondon au orwfthnon, dlo s. T. gogoo, s. T. fflr dnon 
Llchtwodiaoi iqxtxdion. Kino pbotegrophladio Unteranebung dor PSraga dnrch 
K. SotOttk 1 hat gkdchtellB so kotnom klaxon Kegobnia gofflhrt Brat (torch An- 
wtmdnng dw llchtrdcktrbohon Vorlihnma fat dlo Frago svarifohfrd antoddodon 
motion. Naoli door Ira Spfttaonunar 1926 anagufflhrtan kfn aw mgrad ho von 
T. Smnniffl, T. S. Jacobooi und N. W. Stour am JO cm-Rnfraktnr dor Lick- 
S tomwartu dorf dor porldotacha, nrit don Umlmzfi^xsiodon fllwa uliu it lnu iMaido 

1 Vgl« K. K. IUjouid MK SA 8. 217. _ 

■ Vd. A. A. Micnnaav, Phil Hag 30, & 1 ( 1090 ); P.Saut n. J.Boblm. BA23, 
a 325 (1906). 

* Birr Ann Ha, A 4 (19M). 

4 Harr Ann 52 . Put 2 (1907)1 HarrAnn 69, Parta, a 226 (1913). 

■ AW 218, a273 (1933). 
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Llchtwediael alkr yia Trabanten ala geriehert gdten. Er betrflgt nach F. Guni- 
kickb Rednktkn 1 0 *, 23 , 0 *, 31 , 0 *,l 6 bxw. 0 “, 12 . Selbet dn Phnaenl&ktar 
dor Trahan ten xwiachen 0®,0l6 (I) and 0*,046 (IV) lit in der BoobachtangHalhQ 
nachwessbsr, Die Marinin fallen bd I, II und in anf die AatHcho, bei IV ant 
die m tilcbe Bkmgatinn. Die Detan gel ten swar ffir kurxwolllgcs Licht. liana 
e* aber dodi wihrachdnHch anebdnen, daB in den frfiheran, viandl boBtimmtoQ 
Amplttnden abebHche ayriwinariiche Febla stocken. Am den im gmfien nod 
gaxuai glnttm Karvm geht jedcnfalls hovor, d&B der Lichtwechaol der vler 
Trahan ten aixf best&ndlge Oberflflchenfannen xarflckxnftihiun let. Elnmn Ho- 
obachter anf Venae oder Heritor wftrde der Erdroand In odium HdUgkcita- 
irechael gen&u die glodio Geietxm&fiigkrit adgen. Selbot im Phaaenfaktar sdgt 
rich doe hnmrirkenii w er t c Ahnlichknit mit dem Hond. Dio Analogic oratxcckt 
rich nkht anf die Albedo, die beaonden bd Trabant I and II tuigowflhnUcfa 
hoch lit,' brim Erdmond dagrgen den idedrigiten Wert Im Flanotannyntiini 
enricht. Zom Vergirich dud die wich tighten pbotometriachmi Baton da vkr 
grofien Jnpltatrabanten in da antimetehenden Uberricht meammcngafaBt, und 
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xwor die mittlercn HrfflgkHten nach Gtmoncx, Wmnaii, Graft, dl o Pham** 
konffirirntgi and LlchtampUtoden nach Stkbbdpi und Guthmicx, die Albodo- 
wrtB nach Rubbxll, die in da lOteiUgen geachfttxten Farbcn nach Grafp 
and die Farbenldami nach Gutsxice und Stdbdib. Zom Vorgkdch Hurl die 
entaprechenden Daten ffir den Erdmond mit angeffihrt Dio grfiflta Ahnttchkdt 
mit dlaem xdgt Trabant IV. Seine Albedo lit io goring, d&fi or alch bri ckra 
Vorfiberglngen vrr da Jupitaachabo vnllfcnmmon achwan, fait wkj rin Tti- 
hantemchatten, anf die OberflAcbe da Hanptkflrpara projUlort. 

Die babe Albed o da innenm Jupitennondo hat in allaloi Betnchtungen 
Due Kamtitu dop An lafl gegeben, da die Annehmo vim trolkonorffilUsn 
Atmoaphtren anf Kflrpon so gertnger Haoe nach don SroMXYachon Botrach- 
tnngen (Ziff. 15) nnwhradudnlteh amtdaa. H. J mwitb 1 hat jodoch nach- 
gewiam, dafi bri YmimLiinig genfigend defer Temperatnron die grfiOonm 
Flanetenmoode ohr wohl von LnfthfiDen nmgobon adn kflnncn, ffir deron 
Zm a im i wn ^ U t ni g nicht rinmol ungewdhnUche Aimahmcn gomacht in werdon 
breochen. 

Die in den letzten Jahxsahnten anfgefnndenen neuen Jnpitortxabanten rind 
fibommbchtacfawacheKfirper. Amhdbten, etwalj-iotV;afolgtVImitii»,7, 
jtomd die tlhrigen iwnchen 17* und 19* Began. Die Grtflcn rind art 
kftratlcfadurrh S. B. Nichoucm and H. Shapliy piutegraphifleh etwu go- 
kriyrieUt waden* und mr 1st VII —17*,5, VIII «* 37* £ DC — 18*4. 
Die BahnenentrUtiten, Neignngen now. diaer Kflrpcr rind a. T. aebr bo- 
tr tr.n trk h, ao dafi xecht komptirierte mhre und achrinbara aaatando- 

Vm kaim m. B. Jupita nibexkaqmen all VH, obwohl dlo UmlauJb- 
^t dirimal BogroB iat; obeBahn wendet bold die famvro, bald die kanlmvo 
belie da Sonne hl 


i 

a 


Brfn Ber 8. lia (1923). 1 UN S4, 8. 537 Uau\> 

Pubi ASP 28. 3. 282 (1914; JJ, a217 (1923). 
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CkgcnQher den flltaun Jnpitertrabanten gcetnltot rich die phatometriKhc 
Varfolgnng drr Snturnmondo wsgen dee state mehr odor weniger stdrenden 
Klngce Doch uchwicrigcr, und dcr Ztmmmenhang dee Llchtwccheele mlt dcr 
Umlaufiqirrkxki let mir In uincin uliudgen Fella, lilrr nllradinga fiul von jodem 
Zwdfol, gwdehurt. Salem (i. D. Cash ini beraurkto 1673. clmii dcr Aufiantu, von 
ihm *wd Jalrrc vnriior entdecktu Tralxuit im Fumniiir fflr Hnen Ifonat ver- 
echwend. au aiufarenZHten ohor gut richthar hliob, W. HsuflciniL ilnd H.SaraflTKtt 
hahen dee ISrgubnle IxMUUigt, doch let cine volbtflndlgo Llchtkurvo unrt von 
K. l\ Pickering 1877 lie 1879 liutomotriech bcatlmmt wurden 1 . 131a Ampll- 
tiek' botrflgt nncli den Harvanl-MimiDgQn i“j6; das Iichtnuudiuura flUlt In 
dio wcetHchc, due Minimum in din Oatlldio Elongation. Die Hdllgkdt let derurt 
nn ilcn Umlunf tun den Htuiplkflrpcr grieindcn, dofi Pickering dafftr dno m- 
vcriAiedgu empirlechn FimeJ etdetfillan konnto. Wlrtl die mlttlcro In tens! tat 


glalch 100 gcwtxt und die Bahnlflngo, vim tier oiurun Konjankthm (Opposition 
mlt dor Sonna) on gtrcchnot, mlt v bosrichnot, so hum die joweQJgo Hdlig- 
kdt dardt 

A — 100— 50 rin » + 10 cne 2 v 


auHgcdrfickt wnlcn. Nuuam Karven, (lie vielldcht olncn ndt dcr Zeit vertndor- 
Hchun 1 Jdilwrinuf dun Jnpetun nndoutan, 1 logon von P. <1 urn hick 1 (1905 Us 1908, 
Amplitude i",H) und von K.tiHAW 1 (1902, Araplltiufa 1",9) vur. Sio ndgun 
kenm Uim’gdmflUlgkdtiin, ho clali din Olicrflache diem Trmbenton wihl snr 
Hllfto hell, sur HflJftn draiknl fat, nonet aher krinen utarken Wcdieol In dcr 
I^lockvortalhuiK nulwulet. 

Auch lid <km andean Mi melon let vim vurecliledcnun Bcobachtani dno Hollig- 
kdteflnriunmg mlt dor Umhudeperiodo Iwmcrkl wnrtfan 1 . Be handdt rich aher 
delid urn ho gcrlngu (irOttcnuntarediiwUi, doll due idnwnndfrolu Entechddong 
derflber, oh die Selrwan Imogen null rind, nkht getrafTen warden kann. Worden 
nur cliii mlttlenm Hdllgkritnn 
auHommungufafit, ho iTtifllt 
man nech Hcduktlon out dn 
gumdmuniue Syatnm dloWcrtu 
dor nolrrotrlumdon TahuDo. 

Dio Alhodn let hfahor nnr 
led dnm bdletcm Tmliantun, 

Titan, IxKthnmt wmkm und 
bat aul (fan Wurt 0,50 gnftiirt. 

Titan let nodi dur rinrigo 
Satoriuatdllt, lid dura (dn Durchraceeur Jm Ifatrago von 4200 km gumewon wordan 
knantu. Dio AbJdtnng ckr IXnxsedonen dur flhrigan Trahanten ana den pboto- 
motriedum Dahm until Ann ah mo dner dnhdtHdfan Atbodo let angadchts dor 
Urfalirungua im Jupiturayetoin nkht baaoedora anndchtsdcfa. Ein andaur Wag 
fflhrt tm dfaeom Zlofa tier dfa Maaecn dur Trahanten, von donen an! Grunn 
dor Arbdton vnn H. Stkdvk, D. Brouwer u. a. anvcriflwlgo Wdto VorifagMU 
Bddo Wqgo rind boebritton warden, halem tier an wkfanprochendon Ergob- 
nienn gefthrt, da die lnnnrun SatolUton gaganftbor Ihror guringen If mm ouf- 
iaHoQil hdl riml. Dioen Tateacho ItLQt ridi nnr ao duutnn, doD antwodor die 
Albodowcrto mlt almohraondom Ahatnnd von Saturn in ungswQbnUdhom Mafia 
nmchmat haw. dfa Dichtcn in donsdban Sin no ahnahman*. Trllft die fatxtau 



1 Vri. Herr Ann tfe Perta 319 (11H3) u. AN 191. 8*333 (1914). 

1 Hmt vwMIoatliohL 

• Vgl. P. Qurarixoa, AN 8. 053 11914)1 t Ooact, AN San 8.33+ (m). 

• Vtf. e.a F. H. HAnuxir, J BAA & S,944 0.284 (1923). 
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n. bo H^t a naho, in <Wi Dlchtegeaets der Trabantdi doon urdlchlkhen Zo- 
—rriTTunhang wri t Awn Kiogiyatoii dffl PlflUeton m VBTHUltBD. 

Obff dlo neoen Saturntrabanfam IX I^oobo nnd X Themis 1st anQur dur 
B sh rihewegnn g so gut wie gar nichta bekannt. Hun HolHgkelt cntapricht dor 
14 hew. 18. GrOflo. Ebonao dfirftig dnd iroaare KcnntniMO fiber die Satdlltai 
im Unuraa- tmd Ncptunayptem. Arid nod Urabriol Bind 16“ bdu 17", Tltuirfa 
und Obaron 14", der Neptunbcgkdter 13 *. Fftr dlo finficrcn Uramumionde ioul 
obemo fQr den Neptranatolllten Hagen each pbotomotriacho Monungtm Picick- 
KiKGB vor, da me aber, aiinHdi vrie bd Mara, auf die Hdligkdt dm Hanptkflqan 
If B yB Bind, kflonen dlo Angaben nkht ah Ird von ayatamaidachen lMilcm 
gotten. Bd Ariel undTitania rind vonS. Newcomb haw. H. C. Vookl anch perio- 
diache HdKgkdtrachwankangen veraratot warden 1 , doeh let oh goganwfirtlg 
fanm mfl^deh, eino dcrart adtwierige Fngo bd bo lichtachwachen Kflrpurn at 
ontBdhdden. 

f) Du Zodlakallioht 


S3. Baaohraibung und Slchtbarkaftsbedlnguncaa. Don koemiachcn Kr- 
acbdnongen des Hroetanayiteras 1st vnramtHch anch daa Zodiakalllcht nin> 
rcchnen, das in Gestalt efner pnagedghnton HalhelHpao dea Abends tmd dr* 
dragons Qstttch haw. westiidt von der Sonno zn Bohen ist tmd dann In dner Brdtr 
von mhkdestena 30* nnd dner Goamtlflnge von mud 100° die Ekliptik rail 
dnem matten TirfitwrlMrin aaafflllt. Die era ten winennchaltHchen Benbnchtnngm 
dor bd klarcr Loft recht wnffflllmrien Krarhdmmg Bind verbal tniamfllMg Hpflt 
angestflUt warden. Bnnchbere SchDdemngon der aatranamlach bemcrfcenswurttii 
Kcimxdchen dea Phflnomena baben eratG. D. CABmn und J. Maisam goHcfort, 
Die Vennntung, dafi daa Zodfakallkht ent in den l ota ten Jehrirandcrtm 
dlo jetdge AnffMIHgkdt endcht babe, entbehrt jeder Grundlagc. Ea 1st nbcc 
frfiber ffir dn Dflmmenmgpphlnomeo pngeaeben nnd ala aolcbra anch beachriobun 
warden. So wdst der Kiqjhn J. Chudbiy in dor lf Britnniria Baconlca" 1661 
darmnf hin 1 , dafi „in February and lor a little before, and a littlo after that 
month about 6 in tbe evening, when the Twfflgbt bath almost deaortet the horizon 
you dial aee a plainly cHaoemahlc way d the Twilight atriUng up toward tin 
Plejadea and ■^firin g ulmn«^ to touch them'*. Ebenao lat d u o Angabo vob 
C. Rothmamn fiber (Ho Tlefe der Sonne enter dwn Horisont 1 bdm Schlnfl (hi 
FrObJafandluunariiug nur venttndHdi, weim man annlmmt, dafi von Jhm dm 
Untergang dn Kerngebietea dea Zodiakafflchtea beobachtet wurdo. Dlo Ycantd- 
lung, dafi die Eiacfarinung lm weaentHchen metaraologlachor Natur ad, ibulol 
rich, wie wir aehen werden, anch in neneren Arbdten nnd AnaJchtrai vo r tro tn n 
Die S j A t baAdtahwtin gTingBn dn ZodUkaUichtea hflngm von dor Ndgong 
der Ekliptik gegen dm Horimnt in dan eraten tmd letztnn Nachtstundcn db 4 . 
Dlnekannzwiadbenden Wertm90° — f — tend90° — f + avariJoren. EBer- 
ana argibt akh otme w dta rea die gfinatige Sichtbarkzdt dea Lich tm in dan Tropen, 
wo mUm lflttriHnie ran hflehatena i 23 l /i" 171,011 der YertUolen abwrdcht, rani 
dio mdat nngttnstige Slcht in hfiheren Brdten. Yon Barg glpUn ™ lat abet 
anch Her die Eracbeimmg daa g am e Jibr tdndnrch obne Mfibn erianmber. Scbon 
darans geht bervor, dafi das ZodiahaTMcht dim betrftchtHchn FlfldMmbtOHgkDit 
bed tan. mufi. Tatafichfich dnd die Kamgebiete in otwa 10* 
dots heller ala die Milrh a tr afle In Cygnua und Sontum. SLohere SchAtnmgun 


1 G. UOLua. nua na fal B dor Gaatfeoe & 404 ( 1897 ). 
* Uadi A. ▼. Htnraomr, Koapp. * J, B dpaum I 

4 KuSUapD teZodUalUnap ket B. Haw dam 
pfrian: Alla oodatk tdfyOam (l 87 f). . 


ZorthhalHriht (1856) 
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warden aba dadnrch nebr borintrfichtigt, dafi gcgoaftbc dam kflndgen Licht 
dcr Mllchstraib mit lhron unvcrkcimbar varbamlancn achlrfonm Bcgransnngon 
dsr xarto tindcflnkTboro Scfalamar da Zoriifllmlllchtes van jedan NebenHcht stork 
bcdnflnBt vrirri. Dio bcsondcron Sirhwr hni twnaQruihtnwn , die dor ansdanandsto 
Boobaditcr dm Zodlnkallichtm, E. Hsu 1 , emjrfohkm mul angowondet hat. and 
bci SdWLtsungun wk> hoi Ucfvnmgon nnbodlngt notwaxllg. In der Ebenn cr- 
scheint das Zodlukallicht In dor IntonidtfLt stork wochadnd. Im Hochgobiigo 
hat man in diescr Hlnslcht don Eindrnck wait grflCercr BcstAndlgkslt, so dsO 
dio pbotnmc tried la Vcrflndorildiknit den IJchtkogDbi noch darchaas nicht ge- 
sicbertist. ]MofrflhantitdcmJJchtinZuaammanhnnggobrachtenZ«:lningmtiaw. 
rind zwdfcdos dhktrisch^tmosphAriichor Natnr unri vcrmntUch aaf nog. stillo 
Entbulnngmi (Andentouchtan) surticlomfQhrmi. 

Zweifol an dor strong oldlptlkalon Oriontkning da ZodlaksIUchtan rind schon 
von 0. D. Cassini godnBort warden, da rich fflr dno Orion tinning nach dam 
SannofiAqimtnr amwurich. Im Johns 1 B 4 J boobflehtoto F. W. Abgxlamdkr die Nat- 
gang gogon dio TbrkrahUnb von noaem. Dio Badehtmgan sum Sonnendqmtor 
stud (hum van J. C. Hooxxau 1 durcli Ausglolchnng da vorhsodomm Bcobnch- 
tuDgsmatorlnls untorsncht warden, ahno daB rich due Korrdaihm snr JowcdUgon 
IjBgo da Sannonachse argeben bitto. Ancli dno npdtors Untannchang von sahl- 
rdchen, swiseban dan Wondokidnon angatolltcn Boobachtungon hat so Unborn 
nhwd ebon dan Kamltut gofQhrt. Wla dno naoere Darstellnng da bddan FHlgol 
das ZodlnknllichtcB (Abb. 31) sdgt, rind dioao richer nicht lyrametriBch sur 
Kkliptik orientiort. In dam dorgastdlton Folio lagan dio Haaptflflgol and boido 



S pi turn nflrdlich von daTterkrdrilnb, dno Wahrnohmnng, dio noch B, I^ksskn- 
xoff die nUgomoim; Ncgnl Mbkit Db Achso doa ZodlakalUditea hat d an ac h ant- 
wwlnr db (birch Abb. 31 nngadaototo Orion tinning mh dnam Knkk am Sonnen- 
ort odor sb Hogt b doom kiolnoo Krdao n/Wllch da Kkliptik. Da db nonnab 
DtniTDonmg Ini win uir dno scbdnboro Voringarnng noch Sfldon bowirfcen 
kmn, handult us ridi lid da crwflhnton Enuhabnng kanm nm irgonddnon 
motoombgischon lUfakt. Hocht anftalbnd 1 st such db achflrfarts Bogransnng da 
Morgan- imd AlxndQflgBls an( da dam Horimnt sngaknbrten Sdto. Ste macht 
rich stuto bcmnrkbSr nach dna von H. Kylxut nm 1874 gafondenon Kogol, 
noch dor oof dcr Nordhalbkngtd da Erdo da Sfldrand, anf dcr SO d hal b kng d 
da Montrund eta ZodtakaUIchtu db griflaro Schtffe anfwabt. Dbta acbroftao 
Abiall da antoren Tuflo dun Kflgalu 1 st obnn Zwdfol dam Ycrianf da atmo* 
sphtrischon lCxtinktion sannehrefbon 1 . 


4 E. Hn, XndisUpHiriirtinntianhhiapn la 6 m Ttfenc 184J-187S (18735. 

1 J. C. HoosuUi Vutanaamn da rAriraoonw, a. 514 (18859 u- Aon Brnx N B1, 8.303 
(1878). 

■ YgL G Homaatn, ai Dls ttanw 8, & 337 (1931). 
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Einen sntcn pihotometriachni Venoch nr Bcstimmung der genanenm 
Achaenlige das ZomaJoUkhtc* hat M. Wolf 1 antemammen. Sdn alt Scbnitt- 
photomet g h^g^lrhnMw Tna t mmen t bestalit lm weeentllchcn nnr ana dnom 
Q nflrtkmAnw von 37 mm Offuung, der Tell da Hinunela (torch duo 
fatale IncMdende anf der hocbempflndllchan photogrmphiacbcn Platte abbfldot 
In aitiprecbenden Expadtionadten warden nachdnonder quar sar EUiptlk 
ven cidodone Stellen des ZodinkilUchtea aidgonammen and no die Lago dm 
IntendtUsmaxmroms fcstgoatdlt. Die Qnenuptlk 1st unbedingt crlodarlldi, 
da rrdt Qaakondenicren 6 bla 8mal lAngere Bellchtangasalten erfordorBch 
rind , am lodHcb getc hw to t o Felder n errdeben. Dee pbotamotrlacho Var- 
lohran 1st sp&ber von B. Fmskhkofi 1 In vortnderter Anordnang wiederbntt 
garden, bat aber in iw»lrVm FflUen rdcht %a dnem klaxon Ergebnla goffihrt. Im 
Vcrdn mlt der direlftai Wabnubmaiig 1st jedenttlls duo dndontlgo Orlsntkrang 
das ZodiakalHehtea dem Sanneniqaatar. nlcht nnxanchmen. Aach due Bp* 
riehang sar Form and Aaadehuang der Korana 1st nlcht verbonden, win die 
Nechprflfnng chsnkterlstiicber Flnstcrniaanfriahdien ergebon hat. 

Man note vernmten, dafl die richerstsn Angaben fiber GrOflo, Atudohuung 
iirnl Tnpn dca ZodlakalUeb tes photogra phlachem W«gn ta wriplm aeln mflfltn, 
doch 1st dies dnrcheuB debt der FsIL Da hobo lichtstfirko der Optik orfarder- 
lleh 1st, mflmen handmcrartlggrimte Objektivkonstniktinnen verwandet werdon. 
Dlese beben aber den NachteD, dafl rie anf dm Hegotiven ebon stoxken Schwfr- 
xnngaabfall nodi den Plotteorflndsn sa xdgen, der wogen dor grotten Amdehnung 
das ZodiakalHehtea fiberana stflrcnd anf demon Begnsnxong wirkt. Die nonen 
Objektlvo ram Bmastar- oder Tachartyp mtt Dmm groBen OffntmgKVafhfittnis 
rind van dlesem Mongol each debt frd, selgen aber fiber edn mcrklkh grOBenren 
Bfldfeld n n ve ag rte S lciuapiiieu , so dafl die Hanptgranzcn der Hischdnnng nlcht 
nodi dnrdi dieUnschlrfo der AbUldong berintrichtlgt warden. Atrf alien pilot o- 
grapfcdichen Anfnahmen erscbdnt der ZofltkwIHchtVngd merkHdi stumpier ak 
bd Betracbtnng mlt dem Aage. Ea lat dim mnidut winder darln bqgrftndot, 
daB daa Bfidfdd der Anfaahmrilnae nor fftr die Wlodergnbo dor Kongeblatu 
aasreicht Zu beach ten 1st aber aach, daB In grflfierem Snanmmhatand daa Augu 
als Fortaetsong des hrilm Haoptkegria anf dem riimhkm Nachthirnmcl nodi soar 
nrte Iichtar mfa fMBi imafaind^ jft, die din Flattn in dor Vui ff n Bxparitlons- 
ndt debt fiber den Scfawd Uai wort Mnifhrbym- 

Anf der Schttfahrt von lima nach der wcatHchan Kfiato van M«dfcn cr- 
wflhnt A. v. Humjkh.pt* in elner fcuiieu . Bem er kun g seines Tugcbuchea, daft nm 
die Zdt des heDsten (Ham dea Zodakalttchtoa, Ifltto Mflrs 1803, ,JFfon Oaten 
■einGegenachdn von mfldemUchte riditbar" wurde, Dlooer Gogonachoin, der 
dne erste Bcsdcfaaang bat, lat elne yerwiadumo elllptbdie An thollung 

der Tlericrelagegend am Ge gmpmi kte der Sarnm. Ur 1st bd gfinstlgar Sldit 
olwu 40" long and 20* trait and wird als eln Tall dea Zodfahafflcht M angesohm, 
beaoodera a d tdem flan T. Bnoaao Aafmarkaamkdt gowldmet hat, Der Zn- 
wu ffTTp e nh ang wird wohl alchergutdlt dnrch die -aog, Brficke, dne uchmalo, 
strd&nfflnmge Fartaotiung des d yntMdien Morgen- and Abondkegela Huge dor 
EkUptik. Der Gegenadbeln blldet aazdt ledtfldi elne ArtUcbo Vorfardt e rang dor 
Brficke, du ZodlekaTHcht in seiner Gesamtheit also dnen Ring, der den ganson 
Tlerknu mnscMfcBt. Ei 1st nlcht asagesdilQMMO, dafl drti nwollcn fiber dlo 
nonnalen Umrime des ZcxUstaiTHrfatea narfi mkandlre Bmchrinongo n lagam.** 

1 (l90a) ' ■ C* .57. & IM (W J). 
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Slo gchflren jodoch vcmratttch In du Gcbiet dor noch imgehUlrtan meteoro- 
lngfachan PhAnomcnc, die rich bed klanr Lott am Abend- and Margenhlmmol In 
der Dflmmenmg abepielcn nnd anf die am SchhiU dtaaen Kapitria noch nflher dn- 
gegangen wonlon noil. 

Ubernchaut man dua wtanacboftlldi vtrwcrtbnrc, snaamracnhflngcndo Bcob* 
achtangamatarlal fiber dna ZndlatalUcht, alau die vtriicgandcn Zdchmmgon, dlo 
Angabun fiber tiki Bcgnmxnng nndOricnticniiig, fiber diuHclUgkdt nnd die Hclllg- 
kaltsvui'Uiilnng 1m Abend- nnd Muigcnkogd, so 1st, woan man van den ahi- 
rrichcn gulegontllchoa MUtoflnngcn darQber obabht, die Atubonta nlcfat beann- 
dem grnU. FOr die Vagnugouhrit Int a nilt dm Namon J. Schmidt, E, Hua 
und 0. Jnjouf, fflr dlo (icgcnwnrt mit dm acbwriscriachnn Boobachtem F. Schmid 
nnd F.HnBKR entchfipft. Dor Wert dcr Jcnofflacbcn ReDio 1 boraht nlcht nnr In dcr 
grnUan Znhl der Hlttdhmgan nnd Sidanni, Hnndem mch darin, dnfi dlu Ho- 
obochtnngim uni dner WdtroUo In allan mfigHchun Brdton angatellt Bind. 

34. Photometriache, polarlxnatrlaohe und apektroafcoplache Bigahnlaae. 
Mit dan Mlttcln dcr Fhntomotilo und Pnlarlrootrio nowte dor SpaktralaneJyno 
omnittdbar angretfhar lit nnr dor «m train. Toil dca ZodlaknIHchtea In nlcht m 
grnfien SnnnmabHtflndm, ubor auch liter lkgm ant vmrinselto Mcawmfflrelhen 
und railg abgcachloueno Krgobdno vor. Du Govts dor Uchtahoahme mit 
dom Sannonabataiute fat bbhar 
nor van B. FK&anrxun In Nina, 
nnd Mondon vfauell untunndit 
wonten*. Wlrd dmn dunUon 
Nachthlramul dlo Intcnritflt 10 
bodgelugt, in orbfllt finn ana dir 
Gaamthdt dteaor Mcnungan die 
nabcnatchando IJchtvurtrilung. 

Afa Argument dlcnt dtbd dor 
SatmonabaUnd 1 — 0 nod dlo 
ekUptfkalu Brrlto /I. Da dlo BcobochtuDgon stots in gtekhir Hflbo trEolgton, 
kfivmon dlu Zahlon oh vw atraaaphftifaohon Binlilfawgi befrdt gdten, 

Dauubcn atnhon nnch mo amkrun Beobachtnm omgnfflhrto gnlogantlkho 
Schfltrangen nnd Mottvragtelcbo mit IwUmnitm Mlkhatraitengobteton, mit extra- 
inkaten Stunnchrlhcbun u. dgl. sor Vurffigimg, dcren Buarheitrnig jodoch nlcht dn- 
fach fat. Angodchta dor fprrfkm Amdbhnnng dea Tichtkngola mufl nflmHch bd dcr 
Kodnktlnn nlcht uur dlu KxtlnkUim In dor lCrdutmoaijhftro bcrfickricbtlgt warden, 
modem andi dlu HcUlgkdt da HlmmcUilntGiKnmnca, dte In nnrmulon dnnkten 
Nflchhm wn xwnl GrflUon alrfifinglK 1st: item Abataml vom galaktfadhnn Aqnatcr 



nnd dor IlfOn liber (tem Hurls ait Der KinflaQ dor galaktfachnn Brdto fat am 
StenvcrtdLnnfpviriani hruebenhar, dagngun mug dte Elnwfrknng da Horlxunt- 
dunabH and utwidgor uadllchtartlgcr AidhuHimgcn juduanol ompmach hatimmt 
wdon. Din Urtiiiktlno vcrrtngort dlo Intuorittt dor Erachdirong, dte Flftchon- 
hclte vcrgrfUiert ate. Dlo aiwilrfngcndtm nlcht nnwmntHriwn Knrrokdonen 
hahon namlt trils pndtfvu, trite negafivn VonricbeuL Dlo Samnderung fanr. Sob- 
traktloa dor wirkramm HriUgkriton oriolgt gonna wte bd Doppelstcmcn ovtl. 
untur Bmobcang dor dnrt golxfiochUchon HUtetafcln. tJbcr dte (jrandlago dteucr 
Frabtemo gtbt rinu Arbcdt von L. Yktxka Anabmlt 1 , dlo inch sxnat rocht edn- 
nhond aOo Ftngen boh an dolt, dte rich an dlo zdaifoa HriHgkrit da 'Efintroefa 
m Httur Abhflnglgkrit vom Stem- nnd BrdHcht knflpten. 


1 The Uritad Stste Jma BjdwdWoa (1BI3-18JI). 

■ CE 157. 0-196 {W3) und AN 190. o. 819 (1913). 

1 Fatal Aatr Tsb Omdnfoa Mr. 72 (im); Tfl. uob C. Faaar, Ap J 31, B. 391 (1910}- 
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Die Faibe da ZodiidBUHchta entspricbt dam phyatnlogjachen Elndmck 
nach tdnem matten Silbergran, doth 1st a fragUch, ob man boi dnar so xarten 
Enchehnmg flberhanpt van doer Fflrbang redan darf. Ein Farbcnmdoz \nt 
kHnmbeetimmbar, digngen rind E. A. Fath 1 1909 nach mehrjalrrigenvurgohHchcn 
Venochen bd 12 I /*«tflndigcr Exposition Aafnahmen da Spek trams golungon, 
die tnf oner Stroke van 2,2 mm das WdlenlAjigengetdet awiachon 2 3900 und 
1 $000 aufwdaen. Das Spektrum 1st kantinaierUch and bat nach HelligknltH- 
vertefltmg and dem Anaebaa dor G-Iinie and da S-K-Pneim, dor wantgen 
abgebfldetm Abemptianen, dnrcbans den Qiarakter da Sonnanapoktninw. 
Efrdge spltere Spektralaafnahmcn von. M. J. Dufay 1 bcstfltigen daa Ergobrds, 
Denarii dart daa ZoriiakalHcht semer Strahhmg nach lm weaentllcben ala rofkik- 
tierta Smmenllcht angnrhm woden. Hrile Linien rind ant don FATHachcn 


Aufaahmen nfcht erkennbar. Die grflne Emiatan 2 5577, aaf die frflher bd 
vlsoeDen Beobechtungen immer winder hlngewkaca modem 1st, gehflrt nkbl 
dem ZodlakalHcht, amdern dem NardUcht an. 

Bd Gdegerihdt seiner ■pektroakoptachen Beobechtongen hat A. W. WnuiiT 1 
vor 50 Jabren das ZodlakalHcht ndt der bekannten SAVAXTacben Vorrlchtung 
such ant Polarisation bln untoiocht mid Betrflge van 15—20% vargefanden. 
Da vianaDe Mfoungen angodchts da Schwflchc dear variiegendon iJchtquoiki 
rich recht adnriaig gotalten, bat Dotay 1 den photographlacbon Weg congD- 
adhlagen. Die an nnterandbende Strile da Zodlakaludita wurdo out diner Blende 
abgebfldet and da Iichtfleck durch eln N lfcnl odor beaar dur ch ein doppcl- 
b re eb en da Prisma photograpblert. Die in vemchledenen Foritjon a wiakab i (bar 
Priamen eriwltirai Bfiripanro warden in der flhtichen Wda mlkrophotometrlah 
ansgemeam mil »n HWAnUibr h»k»im+«r Tntenritftt anggcbloeem, Fflllt der 
Hiaptschnltt da Prismas mit da Ebene der Ekllptlk xnaammen and iat i die 
Intenritit der Schwingungen In dionr Ebene, J die InteniltAt aonkrecht daau, an 
--.- iat da Betrag da polaririerten Uchtea f gegaben dnrch 

A ~Q » _— 

30* 0.7*0 0,125 _ "“l+a* 

■w 0.775 was ' w1Hln j 

50 01765 0.130 0 — 4*. 

60 0J4 0,1J J 

?? Sin nobenatahende Dberricht gibt die von Dufay cr- 

■o- oS £06 haltenen, naefa dem Sonneoabatand 2 —Q taboliortim 

85 0,925 0,040 vmiAnflgen Werte von a and f, ana denan harvorguhl, 

90 0,950 (MBS dafl da Maximum der Polariaathm mlt 15% bel <So° 

Sosmenab a ta nd errddrt wild. Ana dam Ergebnia Utrf 
gachloaen woden, daB sen Li elites SoanenHcht vcxriiegt. Eine 
ndt s hn ehmea d a Dichte 1st nach Dufay ndt den getondenen Betrfl gcn a and p 
unvadnbir; a darf vielmehr angenommen waden, dad da ZodlekaUlcht aw 
Uatede von dna Pertikelgrflfle bateht, die gegepflber der LBmm der Licht- 
wdkn. Tiich t me&r vernschUjBtgt warden darf, 

z ^ ll ^ « nirht aa. Koandaohe und terrastrlMbaTheorie. 
Wflhrend flba die N&tnr da Zodi a kalHch ta ala ebxsr vtm der Some erieuchtoton 
} Uma Hriner TdUhen kanm ein ZwriM beateht, lit a biriier nodi nlcfat gu- 
langen, dne Efari g an g flba daa Ebnmelikfcpa aa endelen, deMi AttraktUnw- 
tpbin die Mataio tngehflrt, die die Ersdwiinmg bervaruft. In Frtge komraen 

, tmd Erdo * » dafl dna knwriadwn eine atmoaA flriadie Tbeorio dw 
Zodja k a lHdi ta gegenflbergatdlt warden kann , “"™F 


1 UckB*n Hr. 165 (1999J. 

■ Aawr JoUBtej, I (1874). 


* 02 181, 8, 399 (IBS). 
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Ziir Slfltxc (lor kimiacheq Auffaustuig iat in c ra t e r Undo ra awthnan, dafl 
till* KTHrhuhmng kulnii Par&lLuce seigt. Das geht nicfat nur rub Am gnli yi+Hrhan 
Kklmcii and Ikwlirribangan, mcdan finch mis ■ y *^m nH>r'hm J ^phwJHg in 
Omdnrmun und Hainan (Sadan and Agypten) angestollten Beobachtungen her- 
Vi it, dlu koine VoTHchlebimg dcr Lichtkegd unter den Stamen — otwa nach Ait 
il*T NunlUdibir — orgeben, und die Inge der Spitxcn dee ZodiakalHchtea in 
mindmU'iis dnm liolhen Alednnd der Mondbelm sicbenL 

DU* tluimdlsdiD Grnndtaga fllr A*n mctcorischai, mlt dor Sonno 1m Zo- 
wimmmiliuiigu Htnlwndcn Aufbau di« ZodUtodUrhta hat H. Sseliqkr dgenthch 
Kulum Inadnur Admit flbnrdtaSfliamrfnge (ZifL 13 ) gellefart DcrUnterachied llegt 
l«iclif(llrli dorln, dai) Ixdm Zodiakollfcht Bcohochtor und Lichtqnefle rich inner- 
liiilli iliir Stnulwnlkn hoflndon. Du SandorproWetn ist dann inswd Abhand- 
luntfiei vun Skkugkk 1 und In dnur Arbeit von K. ScmrafD 1 bebaodelt warden. 
Aus drn Stiiwwiwehcin Ifaruchmmgen geht xanfidut hervor, dafl unter Annahma 
ill's JjJUBiKl.-SiffirjGKBichcn Botaachtungagraotzea din kfiendsche Theorie sich 
inU ilun HunlMclituugui gnt in EinUang bxlngeo Hflt, wenn die Dichte dor 
Stautumuwm ohi goring and mlt dam Abatnnd von dor Sonne abnehmud vor- 
nungiMitat wlnl, uud dlo Walks due dUaniOnnigo Gertah beeUxt Die xwdto 
SkhUUKKhHiu Ahliandhmg stoDt aigenthch dno Untanudmng fiber die enqa- 
rlwdmi KnitgUockir in den Etonian ten Enentrhdtit, Perihd, Neigung mid 
Kiiotcn dor dor Inner® Plane tan Herknr, Venus, Erie and Han dar. Nlmmt 
train an, (lull dim ZocHoknlHcht ana mehr odor weniger fain ntrenter Materie 
liuHlulit, dlo Elflchrn gkrfchar Dkhtigkait RotaiUmaflfichm dnd und die Dkhtlg- 
kdl mlt «U*r JCntfurnnng von dor Sonne nhnimmt, so lftflt sich ffir cfleaea fiber 
dki Knliwltn binaiuorldicnda Gebflde Huo trad Dichteverteflung ® bere chnen , 
tlaU cltu erwfihntun, ini Gravitatkugeeotz nicht begrfindeten HaatgHedar in dm 
llnmitiMadiKiuaitun eftratHch vcndrarindim. Die Gewntmaase dee Z oc H a kilH c h t- 
kilrjKTe fowl Skktjuwi glddi 3,1 ■ iO’ T Sonnenmaraen, bd aehr macher Dicht e- 
nlmiLlinui mlt wnrhiuukMn Sonnanabetand. Solhat im ratralen Tdl entapncht 
illi> 1 ijclili* nnr uimir Mniwnvurtdhuig, dlo e rh a ltan whd, wenn man dneoWfirW 
Wuhy vi hi wunlgur als */■:m Sdtanlflngo anf dnan Baum von I KuMkkllqpifltor 
wrtvllt. l)ln MflnHionor Krgobniaw stahm mlt alien richer® Beobachtragen 
Ulw (bis Zixliaknlllcht in an gutem Kinkiang, dafl varffinfig hrine Verinlaratmg 
vitrlk^t, imi dki glridisdtlg swd Pmbkme doutende, ooi dne r leaten thearD- 
UtclHm * < nun I logo lamhundu Hyimthew durdi due andera »n vt toluu. i 

Audi lb l^KHHKMKidirv*, dor du ZndinkalHchtphflnamen van photametniaion 
(■mkdiliHmiikicii aim ^aaktkch und thcoradsch grfindUch atndurt hat, spridit 
Mi (mlwliliikm ffir rtI d moteiaiacho Bcachftlfmhdt dcu dben tm d KijffliD- 
HHiiuikiilinng mil ib*rSixiria am. Kr lindot uv der latoMitflla vgtrfiiuy (gj[■ j*) 
Pnrut ibti Sdiwanraw tdn um dlo Sonne gdagertee RotetitHiaefflpeoW, du etwa 
ilk* AlitduUuiig IW hut uml nach fkr EJdlptik orlmtifft 
uikI S»:n\VKHH M ilmmUntonmchnngm vm edner (ftodaaSnda^ria bAmg- 
karn) AiainUmng ( b<r Haujitnifliso dor Kflrper in der Ebcne dee So mam iqoatori 

rnnimuni, tH» rich al»r ant awoi Godauken kenaentriemm Hulri 
ikn LSiACFHoliun Urocbeki ftodacht odjr “ 
nwlun, ilki bd dun .flttpttmVo^Bngmta 

Nachbanclmlt dor Sontw angcaamraolt nnd dann fan 3-anfe der Zdt m etnem geo- 
metriKhmi KflqwBoblklo angoordnot habm. 

sSj v 1 ■ ^ ss is 
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Diana wohlbegr&ndetm eatronmnlichen Aukhten ateht aott dnigen Jehroi 
winder ana metsorcdagUcbe Anachnnmig gegenflber, dlo du ZodiekalHcht im 
Slone da oben shierten alien Anffmuiig von Chtt/obhy (Ziff. 2J) ah dnDimrao- 
rangaphlnranen angeaehen trim will. Sio nlmmt an, daB dlo Eracheiniing 
rfnrrh rWi Reflex dOB fWi^mHditf an rUn hOchston Mtirhtwn Air BbgOplattctOll 
irdUchen Atmoaphflxe h nvurg n ufe n wild. Die bcdbochteton PolariaatiaGfl- 
erachemnogen psaen, wie wir nben, achlocht n criner Stremmg an Gaamolu- 
kUen. Anch andoe Bedenken Hegon vor, dock kaxm an dor Hypotboao nicht 
vocbdgegBngen werden, nachdem sich einige namhafte Aatropamm, Metcorologm 
nod GecrphysDcn, wie E. Hus, E. E. Bashaw, J. Hauser 1 , A. Wxgxhxs 1 n, a. 
fftr de aehr entachleden anageeprocbon haben. Dlo Wandlnng diocr Krriao Jut 
last anachBefibch anf das Ergebma langjghiigor Beobachtungon rnrOcJamfflhrvn, 
dlo ds ichwelasiflcbo MetctmdogB, F. Scemid mlt groQcr Anadancr xounU: In 
Toggenborg, dazm In Obofafllleniwil angotellt hat. Semap hat vor aHom dki 
PflinmenrngiphflJVTTTigiio am Ahead- and Hargenhimmei gnnon utudkirt 1 und Zu- 
■umnmhtnge ndt dam Zodkkaldcht gefnnden, dlo den Aatratkmien ontgangon 
waxen, wefl dieae bh dahin die Bcoharhtnngon anf don dnnklen Nachthknmcl 

, m f bcachrtnkbm. Daa ScnuiD- 
AiMtwm achn ObergangaHcht hat bid 
aohr mangpThaftcr Begnm- 
snng dne atmnpf knmacho 
Farm, soigt im Lanfo doa 
Abendi tm£ dea Horgene 
Bcbon Im Lanfe von Vhrtol- 
atnndm aehr orhofaUcho 
Andertragon, Ut vom Stando 
da abhAnglg nnd 

kamn angrafllurt nach. fVw 
EkUpdk arlentlert. Dkroboi 
Schmid limner wiedcrfcch- 
.semen), rondo Beachrdbtmg paBt flu 
wenlg so don dem Aatrono- 
maL gnWnflgMi cherakturiariadien Uakmalcn dee Uchts, ckii dor Verdnclit 
v jllegt , daB die Beobachttmgoi *lch anf zwel vraxriiiandar unahhflngigr 
Natnrphflnomaic beaiehen. Zot Prfifung dor Sachlago hat Im Winter 1926/27 
K. Gun anf dor BusEsachen Borgatatlon oberiialb Aron. (1900 m) doa Zodiakal- 
hcht mflgHchat writ In die HorgondAmmoning, fftr dlo ein anagerahtea Align jyr 
Yerfflgnng stcht, photmnetrUdi tmd dot Umrimn nach vnrfolgt nnd elnu Rclhu 
vun Totnchen featgeateUt, dlo don oben gcAnfiertcn Vcrdacht hmtatlgon nnd, 
auweit dm auf Grand ao gorlngor Daien mfltfldi 1st, db Sad-ring* klflren 4 . 
Beaooden a n a rhflnhrh und Ichrrckh dnd dnri am Hotgen doa 29 . Jnnuar 1927 

“tnaioinfadie nnd daa moteaXobgbwho 
/omanittrht mlt xwel laophotoi vor, wflhnmd tmd nadi dem Anbrnch dor mton 
Dflmmmnig dantellai. Sle xdgm dentHcfa daa Vertrtngan da nbHcben, fait 
gman in dor TtefkrvUebene Hegenden Lichtkrgnh dnrch crin ofhmbar troatrUdi- 
at mnflpMr iacfacfl Agnomen, daa gaum der Srmrmmnk™ Bachrdbnng ontafsldit 



1 Met Z 32. S. 49 <1915). 
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Kh toucht xlcmlich nnvcrmittdt in dor Nflho ties Aulgangspunktca do- Sanno bid 
Horiiont auf, rfrtngt rich rmach in den Zndiakallichtkegel hlndn, vcnchiebt aohio 
Orion tkmmg nnd hldbt ncliUcQUch bci IwrritH mcrklich aufgchelttcm Hlmmcl 
nur noch aJldn richtbar. Untordcn ScHMTttchcn Sklxxcn befindot nidi cine vom 
2. Fobroar i9f 4 1 . <Uu dom 
Datum nodi nnr 4 Tagu 
yon dur in Abb. 33 dargu- 
■tollton Orion timing ol>- 
wdoht unci ortbnkumlig die 
gV'ichrn Dingo doratollt, 
olKvnhl die ScuwiMchcn 
DftmmomngHkurvm nlcht 
idM Imjihnlun, wmdcni aln 
Inodinmon tuifoufawamrind 

(Abb. 33). 

Butrnditut itrnn din 
BMtnmomlfclNi und dio me- 
tcxmilnglKhn ISmcheinang 
gtwmdcnrt, m fallen (Or dio 
lotsboo dio Sdiwkjrigkdtni 
fort, dio bWiorlhns Doutung 
venmucht hat. Eh genfigt 
Hfehor fodigUdi diu An- 
nalunu oiiua atmnRphAri- 
Bcbon Wulatrn iin goagm- 
phlncbcn ockr, nach dcr 
VflrateDnng vtm K. Dikkk- 

UKi>, 1m raagnutfochen 
Arina tor dur Erdu, tun dbrn 
Scat- and FrOhdOminuning 
uunmndfnd su arklAitau 
Diu miwidinclidnllebu Hy- 
iMithiwo, dnii Soma 1 nnd 
Hf»d dnrcli llmni (irnvi- 
tatiiaHuInfluB cih* hAhunm 
Srhiditiii tier Unlntnut* 
tqihflru in oiiun ckliptileakm 
King mn din linki (p»«un 
habun, tut unnfltitf, da die 
Sjit- nnd KrfihdAiumeniiig 
gar nlclit nncii dur Kkllptik 

iifontUii Ut. Jiir wuAUtoh , . 

Studium gull Art in iIhh Gablet dor lbituuruliflle, <Uu aucli cum nicht Huhr wahr- 
KfaeinUciu.fi iunuren ZuHirnxunhnng <Uanr MAnomcno mlt dem dgontlichcn 
ktwnhrliun SSudiuJadUrJit gonauur nnchraiaflfim habon wird. 



Ahh. 33. OUcjpjnjf da koanksboo Zadi*k*lUchh» In db 
rrrte ntranwung (Am*. l»7. Ju.ay). 


1 Hot* 3 a, a 53 (ilH 5 ). 







Kapitel 5. 

Kometen und Meteore. 


Van 

A. KOPTF - Beriin-Dahkm. 
mt 49 AbbUdnngsn. 


a) Die BahnverhAltniaae dor Kometen und Meteore. 


1. Hlstorleohes. Die Frago nach dor Natnr dcr Kometen — nnd stun Toll 
inch dv Meteore — war Itnrner eng mit der Frags nach dor itnmHchcn Bin- 
ordmmg dleser GeUde in dm Enemas verbundan. Die Astronamie doe Alter- 
turns nnd Mittdsltas betrachteta die Kometen all Tdle dor Atmcsphire, bus 
der lie dnrch beaoodae Amdftnstungen gsUldet wfirdoi. Wonn trotsdom In 
■Em Qneflen socgflltige, nodi bents brauchhero Anfxddinnngcn liber Kometon- 
erachdmmgen enthihen rind, so 1st dies nur dan Umstsnd susuachrolbon, daB 


die Astrolagle rich keineswegi tnl rain VnsmtarJm Endwlnnngm boschrflnkto. 
Audi stirmsphirische Phlnomene, wie s, B. Mandhflfa, ipieltcn hier stets dno 
sthe bllche RoUe nnd warden satgftltig beobschtot. Ober die Angabo der Stdhmg 
der Kometen nnter rim Stonen nnd fiber «rfnn raho Beschreunmg Ones Ans- 
■ehens tam men frrihch Us stun Beginn dor Kmnlmnnrn In Europe nicht 
hfauns. 


Db ait wurde die Anfgabe der Beitizmmmg dor rflnmHchen Lsgo dor 
Kometen zu rinem Problon, dai mf langa Zdt hm die ffihrcndon Golstor bo- 
■chiftigte und dea nuf das engste mit den Kflmpfen ran du k n pwnftqnlm»b n 
Weltzyitnm vobunden war 1 . RBaiauowTAit (14j6r-1476) Arbdtoto sum srstan- 
mel erne Unthodo ins, wie men am mehreran nnnrittelbar hintendnmidor Hogan- 
dm Beobachtnngen dues Tfanwfan d fwn Entfamung hestimman hum. Abs 
diem Method s , (He inch hen to noch benutzt wird, um dio Entformmg dor Kflrpor 
des Samexuystems am Beobsdxtungm sn ednem Erdtrt so cnnltUd n, ffihrtu 
in dm Hinden der vmcUodenm Foncher midge dor Ihr snhaftondan Mong ol 
su gem vasdnedenen TTrgrbrlmrm Bald fanrim idrh TTii Hwnvn tigfln, wolebo 
Inneriislb der Mondbohn, }a tnncrfaalb der Eidaimnspliflie lagnn, bald ndchtsn 
rie m dm Flsnetm hi ns us. So Ififtstm TTn ttirmvhinig nn rim Dunhei nicht, 
dm fiber der Frags nach dcr Natnr der Kometen lag. Abor sin Hefien do ch die 
Zwetfd an der teUnrhchm Entstdnmg der Tfomriwi nicht ™lrr rnhm, 
Tycho Bbabb (1546—1601) baschritt dnm snderan W^. Er bcgnflgto 
•fdi nicht mit der KritfwnnTigabiwHfnmini^ «nwW n suchte die ifttunHoho Buin 


V^LUmi mwfa far lOm Frffaoda: N. Hns. -XametsQ «ad Matson fa W. Viura- 
’^™HMdwOrtBrtweh da Aatraaomfe (Bnin iSgS); 8. Ovnamxv, Wcmmtm n. Ban- 
“W*». Ihshlinngai nrbrT— frncwitan mod Sfanadmttppaa. Hoc. <Vr math.'fttand, 
TE.2Nr.1Bs. IBs. FttrduHfcrtsrbcha ush N,Hsu, 4 ^ Wfli m WWnftTir 
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tier Komottm su unnittoln. Seiner Izuusun ElnatcUnng nach ]tam nor nlnn Bohn 
in besug auf doa Geoaentmm in FragB, und die wonigen Kometan, die or und 
tibonnn Rothuahm unterrochten, liaBon in dor Tat duo aolcha Anffamng in. 
. Dor boo bach to to Behnbogen war ao knrx, daB or in doe Ebeno ilureh dai Gco- 
Bontmm golegt wenJon krmnte. Dio Entfenurog dor Some ton koonto Tycho 
Bxahk allontinga anch nnr iraf dom von RsgiqmomtaiI ongogobenen Weg hcr- 
kdtan; or bcrOckriclitigto nbor den ElnfluB dor Rofmktion und cr falol t ao fftr 
don grofion Komoton von 1577 cine nnmoBbnr kldno Pazailaxe. Dio Komoton 
waron dnmit ala sdhatfljuHgo Himmolakdrpcr in das tynhodacho Weltayaban 
ringourdnot. 

Kkplkk (1571—ifiJO) ycnudito os dagegon, die Komotunbahn ala ebm 
boUoumtrliKbo dantuttcTlcm. Er nohm ettn Bahn ala gnradUziig In bung anf dlo 
Sonnu an; vnc. dor Sonno aua gcacben rauflto do dann ala grdflts Krda crachdnon. 
Dio bonbachtoto Abwoichtmg hkrvnn wmtki anf dio B ow ugim g dor Enle in 
bong an£ dlo Soono snrOckguftibrt. So war Jads Kntnot fftr Kkplkb dn Bowels 
fftr dio Blchtlgkrit doa kopemikaniachon Weltsystamo. AQordingB lenm Sxflxh 
bd tlpn von Dun unturmchton Kornotcn mit dor Annahmo rinur gldchffinnlgoo 
Bowcgung in dor genulon Lindo rdcht ana. 

Din Eolgcsrit achwankto swkebon Tyoiob nnd Kxflkss Auffaammg; kdno 
dcr hoidon Annnhmon abar gab dno boEriodigondo DarataQnng dor beobaditoton 
KonwtonoEKhainnngoa. Hmvbuub (1611—1687), dnor der arfalgnrichsten 
Kamotonboobuchter, vnmqcbto anfanga bddo Wage, wobd Bun Ton vambendn 
futtstand: cUo Knmotcn rind kdno Gobildo dor Loft, nnodnm HhnmdaUrper. 
Schllefllich nbor ftbanongton Dm adno Rocbnungon Immer mebr von dor Richtlg- 
kalt dor Antfurang Kkpuob. Nnr gait as swd Sdxwiorigkdton sa flberwinden. 
Etno gandUnigD, rich ins UnamIHcho aratrockondo Bahn war Dnn nnwatsDbar; 
ur nahm derimlb an, doD dlo Koine tan innorfaalb doa Sannanayatama ala Ana- 
dftnstungun dor nano ton emtstehen nnd rich diuwnh wioder anflflaen. Former 
war nach ad non Kodmungon dlo Kiftmimnig dor acbcdnbaran Bahn an dear 
Sphflro bd dan van Dun boobeebtotan Komoton sum Tail atflrks, ala os dnrch 
dlo Bowcgung clarErdo nm dk Sonno bodingt war, Hkye-tob dachto an don Wldar- 
atand dnes Weltttboa odcr suwdlon anch an Jt gcn dwu kfao arnddundm Kin- 
flflnao dor Sonno. Er war also nalio damn, don tJbargang sum Kogolachnitt 
anch fftr dki Komntonbahn sn fbadon. 

lx, S. DOjotkl (1643—1688) hot dann sum mtonmal an dom groflen Kn- 
raoten von 1680 nachgawicaon, daJD dio Komoton sldi ebanao wio dL Flanoton 
in Kogdschnitton bowogon, Dieanr Komot war vor und nach arirain Ptribcl- 
durcbgtmg boobachtot wntdon; bddo Alta lloBen rich nr Not dnrch gorado 
Linien dantollon, und man war an stunt su der Auffanong gnknmmcn, dab 
man oa mit *wd gutnainton KomotanmchdiniDgcn so tun hat to. DOhffkl irigte 
nun, daB dio Annahmo dnut dmdgon, in parabatiachs Bahn rich bowegondon 
Komoton dor beobachteton Endudnung writ beaaar mtsprurii. Daunt war 
anch hior die Zdt fftr Nxwtom rdf gowardon. 

Dor Kagnladinitt orgab aldx nrhHnnHoh in dsr NxwTOXacbon lfcdunlk 
fftr dio Komoton swangaUnDg ana dam notion Gnmdmwots; Parabd nnd Hyperbal 
traten abi ghrid i w crti go Wabtiwi nobon dio EDipao. Dio von N*wtoh ontwiokrito 
koostrnktive Mstfiocjo dor Bahn b a rt Umntin g' wards in dor Folgendt vMfach an* 
gewBidet, beaooders Von Hallxy, dor an dom nach Dun bcmanntsn Kometon 
soigon itrmwt gi dafl dk Fuabri ala Babnform ants Dmatftndan die Nlborung 
rips 1 TOtiptr yin Dlfl VsbWUng ds MsthOtlSfl der 

Bahnbatirnmuog, beaoedara dutch. H. W, Olhxes (1758—1840), snaammon mit 
alnat stats tetsdad ta ndan Vsfednenmg ds Boohadttungsn, fthrte su rise 
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tirmiwr gnum cn Fcstlegrmg der Bthnen der elnxelnen Ko m ct en . Du dadnrch 
maasusDO Material ist heate bo rdch, dafl die statistkcho Untersnchimg tier 
Kametenbahnen mu wiebtige Anfschlfisse Qbcr die Natur and die kosmisebo 
StcDnng der Kmneten so geben vermag. 

g, Statistic der Komstenbahnan und die koamladia Stalling dor Komatan. 
Die Btatbtladbe Bear fadtnpg dor Bahnen 1 sucht GtaebnnflMgkritcn In Bahn- 
farm imH Bahnlage i nfa rfliden, nm darami SchHlMo fiber Entstobang dor 
gometen <Wnn ZagehArigkslt mm Sonnensystem ni gowinnon. Doch Bind 
QrMft— iMaw Art Immer ndt riner gewiuen Vondcht xn xbhan; dram die Ent- 
decknng van Komcten 1st atnts rax ftaficron Umstfindan ahblngig, wdebo die 
gefandenen GaaefaniiilMgkeltan stark bodnfhuBcn kfinnen. 

Zanichst selgen die vorhandonon Bahnbestdmmungon, dali die Bahnlomi 
ketncswgs nf die Parabel odor don parabelnahen Kegduchnitt boachrflnkt 1st; 
bd schwtcben, nor tdcBko phdi wahmehmbaren Kmneten kommon anch EUlpaon 
ndt knner Uralanfsxrit to. Man fafit Komcten mit dinar Umlanlualt enter 
iO Jihren sa der beaanderan Klssse der karxperiodlschon Kometon xn- 
gunmen, bd xta tlstlichcD Untersuchungon trsnnt man h fi uflg dkmo ipnsnu 
von den fibrigen Kn m e t m ab, da ale rich dnrch b ca ondero ElgenschaJtcn ans- 
xelchnet Audi hlcr ad von den b nr e p wr lniHarlian Komcten xnerst abgorium. 

Bed den Qtaigen Kmneten kommen alio mfigbehm Lagen dor Babn- 
ebenen gkdeh hlnflg to; In der heUoaentrlschen Lingo des Perihds dagegen 
1st, wk bomllx Houxeau bemckt hat, dne ansgesprochene Hlnfnngwtello bol 
102° tmd 282° TObanden, die Anlafi xa Tnwnnigfwrfv»n Untersudrangon gegeban 
hat. Nsch den Arbelton von J. Qolztbchxx and L. Fahey kann man jodoch 
atts dleaer Enchrimmg krinesvegs SchH k ee anf den Intentdlamn Urspning dvr 
Komc ten xkben, sondem die grflfiere H&nQgkrit.des Ferihala Ingewimen hollo- 
xentriseben Lfingen ist krii gttch dadnrch bedingt, dafl Komcten dkaur Art 
Uchter, also ndt gififiarer WehzKhdnllchkelt, entdeckt wertkm. Kbcnen bit 
das statistisch festgdegte Maximum der Perihddiirtanxnn bod 0,8 dmch dlo bo¬ 
nders gfinadgen SkhtbarkeitxvcriiAhnimo eridflrt. Dio Statists vermag aho 
hicr xnnichst krinen AnfarhbiB fiber den Ursprung der Kamo ton xa goben. 

Wichtiger rind die bd der Bahnform eaftretenden GaeetxmlBlgkeltmi. 
Sehen wir wieder von den kursperiodkehen Koine ten' ab, so berracht die Parabel 
aUcrrUnga bei wdtem vnr. Aber doch xdgen Kometon, fflr welcho das bcoln 
achtete Bahnstfick hinrdebend long lit, bdswdlen clno Abvreidnmg nach der 
Unggestreckten EOlpeo oder der Hyperbed hin. Dio Kometon xorfaflen aho 
dam osten Anacheln nach In acidic, die dera Sonnensystom dooccnd angu- 
hfiran, and eokho, dlo rich nor varfibergehand darin amhalten. Diu uotcron 
rind Iangpcrlodische Kmneten, derm Wlcderkohr bd oincr bcechrflnkten Anxalil 
dleaer Hmmielxkflrper hoohaditct wordc, and die AaUasming 1st nahehogend, 
dab dleae Komcten rich ana denari ben Umebd wto (Ue Hanutan goblldut 
haben. 


1 Bin vnlhttndlgM Verielehnli dor Komcten bahnon boi J. G. Galls, Vor* 
aridurii dor Etanwta der biohar tmebaoten Knmntwihahneo (fxdpdf 1B9+) nd der Fort- 
■Btxmig: A.C.D.Cwnniim, Comet Catalogs (MemBAA 26, Part.2 [19251). Fir 
■tatlstisehe Untersachungen der Kametshnl—« homman vim nodonm Xrboltsn 
bwnmhw In Fnn: L. Fast, Etade ear la probabilttd dm comMoi brpcsboUqn ot Fadgtae 
da aunta (Tiimm jrta It la Ffeonltd da So. do Park. Kaimflle &S93D; Boohmln oar 
Todgliw dee cna t ri et lee hypnOSaa c n a Bmp a dg nM (Annalm do hi Fao% da So. do Mar- 
■OKIX. 3); -W.Ehcmae. ABtstkftkriInvaripUon of ConmtaxyOtWi (Harr Ann 61, 
Put 3) and ohhrieha Axbrils v*m J.BouEXKBntlndan DanJadnUtan Stxnnmdier. da 
WiserAhad.d. Wha LabtaAikn: tbadbhda 
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Bd den Komoton mit aifanarBahnfonn Hagan dieVarhiltniwio wait achwicriger. 
Noban dcr Pnrabcl knmmt dio Hyperbol nor in ganx wanlgen Fttllai vor, and 
in (Honan wulcht dio Eaawntrixitflt kaum van dar Einhdt ab. Diooo Erachdmmg 
bodarf ohMir bearmdcmn Erki lining; inabeaondenj lit nodixnprOlan, wie wait do 
mit da Annul nna olnoi intcnttallaim Urnjxnraga diencr Knroctan vandnbar 1st. 

Dio JJtaung dar liior vnriicgonden Aulgabo Int anf wrachlodcnan Wagon 
vurancht warden. Dnrcli wnbrncl»cinllchkaitBtlicorotIjd)o Bertrachtungen kann 
man AnfcchluQ flbar dio xu erwurtende Anxahl hyperhollachcr Komoton in ge- 
winnen Bochon. Laplace hat dloaca Problom sum amtcnmal aufgeworfen, 
(iAUBH, SniiAPAHKLLi nnd andcro ha ben at writorgnfflhrt. Dio dnrch Rochnnng 
(xhaltcno Anxahl dor xn erwartumkm hyporhoHachan Rome ten vnrachlodencr 
Knon trhdtflt hAngt natbiich vun dan Vmnmotznngcn ab, dio man dor Cber- 
iognng xngnindo logt. Laplace hat urKjrtnglicli untor dor Vonuwtxnng 
rlnar rnhendon Sonno dnen Komoton angcnonmum, dcr mit jeder mflgUchon 
Gachwlndtgkrlt untor iodar mflgHchon Rkhtung in dio Wlrkungmphfira der 
Sonno dntritt. lir hcatimnit dann dux VcrhAltnlx dcr Zxhl dcr debt markHch 
hyparbniiHcltcn xur Ztdii dor mcrklich hyperbalUchan Bahnan. Gaubb, Schia- 
pahklli uml Hkkligek, welchu dio Analyte von Laplace tarlchtigt habon, 
fhiden ebenao wie dkner nclbnt aino vanchwhuknd gedngo Anxahl mcrkHch 
liyjxnboJlHcherKxKTwtcn, Mnn wflro aim in Ubcrcl natimmang mit der Bcobachttmg. 

L. Fahey hat dann ober dio Untenrachnng anf andav Grundlago wiodcr- 
hult. fir herQctadchtigt dnraal dio Bowegung dor Sonno 1m intmtdkran Baum, 
nntl fomor Iwrechnot cr nlcht dk Anxahl dcr Komoton vcrnchiedcner fiuen- 
trlxltat lnncrhalb da gaaxan Sannonayitamx, aandan dio entxpradiando An- 
mhl dor Kometon, db In dio Nflho dor Sonno golangwi; imr diao letxtarai 
worden vnu dcr firdo atu wnhmnhmbcr warden. Untor dan Vcranaotxungen Von 
I* Fahey wird dio Zahl dor merkJteh hypenboikehen Knmettxi gegen liber den 
anderen hoch. Dax Vorhflltnlx hfingt noch von dcr Anlangwgoachw mdlg k ri t ab, 
mit wdcher der Komot In dax Sonmmgywtem dntritt. Ixt die Anlangxgeachwindlg- 
holt x. 11. gkdeh dor DelinfpxicfrwiiKllgkdt dur firdo, bo kmnmcn anf 35 mcrklich 
hyparbuHxcbu nnr duo nkht markHch hy p e r b olkdio Brim. Dm Fo hlen anx- 
gunnrochon hyperbuUxcher Komotonbahnon xoriebt alao gogon don intnr- 
xtcUaren Uxvpnmg dinar HimmokUrpor. Audi dio g ld c hxd tig mit L* Fahey 
von (r. v. NotaBL 1 und dio suAtor von K. Hillxbhaxd 1 dnrchgoffihrta Analym 
nrglbt dlutdbon Rnoltato, (ho drum von dnar ganx anderon Sdto her edno Bo- 
xtAtigntig orfahron habon. 

Wlo bardtx harvorgohobun. wolchcn (llo ExsmtrlxitiUan dor weaken go- 
drhnr tnn liypcrimllachcn Tki frimn mtr munarktich von dor K l nhrf t ab. Em pear 
Bcfepldu nlnd In dor beigofUgton ToboHe gogebon. 


Kometon mit hyperbolieeher Baku. 
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Die vontehande TabeUe anthllt die ExxentrLritAt t nnd den radproken Wert 
der graBen Halbachae & mich den Ergobnlacn der Bahnbcetiromnng. Man 
Rteflte rich mm die Anfgabe, die Bahnejemente von dor Zdt der Beohechtnng 
ana nach rQckw&rta rn bercchnetn, tun dadnrch nachxnprflfan, ob dio Bnhnforra 
vom Beginn dee Klntretcm des Kometen in den Wlrknngebcroich dee- Sormen- 
syertems an tmverflndcrt geblieben let. Die crate Kochmmg dloacr Art let von 
A. Thsakm 1 dnrchgefflhrt warden; ihm folgton L. Fabhy 1 , G. Faykt 1 und vor 
eHem E. StbOmmw 1 , aerwie neuerdlnge G. vajt Bessbsoick 1 . SmfluoHXN ver- 
Ambwi wir die onaffWirfiehaimi TTn tfinQirV mn g pn fiber d im Frago nach stun 
Tell heenodem dafttr entwickelten Methoden. Dae Ergebnie dlceer Rechnungen 
lit ana den Zahlcntngahen der varbergehenden Tabolie in orkennen. Dor Wart A /« 
geht In dan mristen Fillen vtm ednem negativen so dnem poritlvon Bating liber. 
Die nrapUngllche Bahnfarm lit gar kdno Hyperbel, random dne Efflpra. Bd 
den Kometen 18861 nnd 1898 VIE let dn kldnsr hypcrboliacher Rest gobhebon, 
dor aber inneritalb der Unsicherbdt der TuiprGngUchon Behnbestimnmng llogt. 
Der In der Told nicht anfgefflhrto eUlptiacbo Karat 1903 III sdgt bd dn Rflck- 
wflrtsrechmmg dnen acfawach hyperboliacben Chmaktar, der eboufallfl gam 
nnricber ist. 


Irgendwdche Amddien ffir anage ep rochon byperboliecho Kmnetan rind 
olio gar nicht voriumden; 1110 x 1 rrmB ana der Goaanxthdt der vorlk^endon Bohran 
vidm ehr achUefien, daB die bb jetxt bebbachteten Kmnetan Im Saananeyatnm 
lhren Unprung haben. Bine western Stfltae ertifllt dleae Anf [anting noch dnrdi 
die Arbdten van G. Abuxlumi 1 . £r konnte nnter Bar&cksichtigimg dor Attmk- 
tlon des Stemsysteme zslgen, daB aneb Kometen ndt echwach hyperfaoHrahiT 
Bahn nodi danemd znm Sonnensyitom gehflren kflnnen. 

Wenn man anf dleee Wdee dm Koneten neben die Plane ton ab GUoder 
des S onn eaiystema etellt, so ist dabd aBerdhtge sn beach ten, Ho a man diiSOB 
Ergebnie mit dnemgewisien Vorbehalt anfnehmen mtiB, don anch E. Sntfluaion 
M^rflc kHcfa heivurhebt Die Untarmnchimgen dor snletxt engegoberan Art 
sttUm rich dnnJ i n a anf den Znatand dee Sonneneyatemij wie or tma 
darfaietet, nod es steht anfier Zwdfd, daB jetxt die Geaanifhdt eflf Kometon 
Bonnm» jraUau gebflrt, d, h. eine mit gerneineazno B cweg n ng bositxt. 

WQl man aber sn dra i n frllheren Znatand des Sonransyetoms snrfickgoben, 
be! wdchem der Ramn des Systems noch mit NobdhuUBsn angefWt war, ao 
Wahrac hdrmchln dt Refbtmgekiflfto ansanehxnen, tmd dieeo 
■fhinfm *hr wuhl stark hyperbdlsnhe Babni fu paraboliache ™d dHptiaehe 
vmwsndelt haben. So wrmjBgen also aHe die angefflhrtan UntenncbxmgBn den 
adaxen Urxprung der Kometen nicht ndt abaolnts Slcfaobelt sn erwdaen. 
Deriielb rind e ach Immer wieder Versncfae gemecht warden, die ta tmtdto 
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Rome ton wnnlgitena nun Tdl aino adbatfindige knumfairhn Strtenmg dantellen, 
iUu interntdkror Hcrknnft bit und nur dno mtt clem Sonamsystem 
Bcwogung hot. Harvnrxuhobon 1st an dialer Sidle noch, dnfl die Hflnflgkdt 
dor Fnriheto puruhoHHchnr Komoton dor Rlchtnng nodi dno dllpnoidlndw Ver- 
tdhing adgt, wtibd (lie dnu Hanptrlcbtung mit dan Pol der MUdutrafia, die 
andoro mit dem Hauptvcrtisx ilex Stombciwgimgon susunmanflUlt. Vidldcht nlnl 
likir Zortuniuanhango mit der VartcUung und Bowcgnng dor Stone angedeutet 1 . 

Vflr die Frngo nodi der pliyriachcn Nottrr dor Kaneton bedouton afle diem 
Untasuchungen snnfldat wmig. Sin srigon voraret, wto man ycrencht, die 
Knmctcn In dan Kntmon rftu milch cinsuordnon. 

8. Die kunperlodlKhfln Kometen . Dio Statlatlk dor Bahnm dor knn- 
periodlachon Kmnctan 1 fflhrrt, wie burUta an g og o ben wnrdo, an Eigcbnlaoi, 
din vun dun bkhor beaproeboom gftnilich obwoichcn. Dio Buhnndgm^ kt 
.flint immor goring nnxl die Bowognng rcehtUUjflg. Dio Dbafdnstinmmng ndt 
dun Planutonbabnon lit atao dno aulir wdtgahcmlc; nur kt die ExzentrlxitU 
bd den Komutnn im aUgemoinen erbcttJch grOUor, wenn andi jotst Bnbwm 
vun kldxun Plano ten bokannt rind, dk rich kanm mohr von Ktmtenbahiwn 
untascliddcm. Dio Annahmc, dafi diem Knmotsn rich In Ohnllclw Welm wio 
din Plancton gefaUdet hobon, lit nbm naheUagund. 

Duch bt dlo Anffaanmg fiber donUopning such dlou Kamo tan oinc wcecnt- 
Hch tuidcrc, Elne GcaotanilBlgkri t in don Bahrai dg fcniaporiodtehm Kometcn 
tut hemndem auffaDomL Dio KntTermmgnn dor Aphdo dtanr cinidnen Baboon 
fnllfln nnbo mit dor grutim Halbacbm doe Jupiter suaammen. hat anch 
ffir die perindtschon Komoton vun lingerer Umlanladt i*wn antaprecheodm 
Zummmenhang iwkchcn don Entlcnnragan dor Aphdo und don mlttleron 
Untfenuingon dor Pli mp to n Saturn, Uranus und Neptnn vummtet und s p r i d i t 
m von idnur Komc tenia mfllo'doe Jupiter, Saturn mw, Dsbd geht man vtxi 
dam Gednnkon an*, dafi dkoo Komntnn nrapcttngHch, wio db fibrigm, otne para- 
buHschu Bohnform boanflenj sin kauun jodoch in flmnn Uanf nhvwn der groficc 
Flimotna no n&ho, dafi dlo Bahn (larch aks Stfinmgen in dne Effipm van raw 
Umlantedl vorwandelt wurdo. 

Dio Hooptatfitso ffir dio Annalnno doe Elnfangons parabobachor Tfonmiw i 
dutch die Plano ton 1st, wio hervoegohobon, dlo GosotzmOfilgkodt in dm Aphden 
dkar KomotonhoJnam, Dodi 1st rib*™ Kritarhim aMn nkht hlnrdcbend. 
Es mufl deb violmobr nadnmboi linen, dafi wirkHch %a irgenddner Zrft dn 
Bokbor Komot doom gmfion Plano ton sobr noho kam, Dloaer Nachwda kt in 
dmolnon Fallen berdto frflhor geffibrt warden. Am bekannteeten 1st dor 1770 
ontdockte LucEmcho Rennet, vim dem rich sdgen Kofi, dafi ad no n»hn erat bus 
vorhor, 1767, dumb Jupiter aua obor nabosa panboHscban In due elllptkclu 
mit kansr Umlaafladt vnanddlt woeden war. Audi aanat aind atarke Babn- 
tademngun dumb Jupltct bokannt, dlo rich vur aOam anf kunpolodkcbo 
Komoton hnakihcwi. So 1st eat noaerdlngB die Umkuikadt das Wauacbon Ko- 
matsn, wio 1C. Kammhkt 1 goedgt hat, dnzdi Jupiter van 6,79 anf B>28 Jahro 
VcrgrflOcrt warden. 

9yst«matiach hat H. N. Hdbbxu, 4 dlo Fragc untnnmnht, wio wdt rich der 
Hachwda flir daa Einfingen vtm lrm w i hm dutch dlo Plonotm wirklich erbringm 

1 8. O w jjmau t, Zm XbmrintatMk la Zoammaohanf nit dar Vntribnri dr 
Skene. - A K 31Q, 8.4M1W3}* 

1 FQr daa Brigade vgL sank dm naiTiinakaadnn ArikOai L. Beeuuroe, La 
oonrita pdriodlqiiai ft it Mari da loan thdoria. BA 15 , B. 333 (iSgQ. 

* 1CIniMiH, Mkn. Baulk of tfaePaOrmha m the Oqpo Appraaoh ofWcnn 
P aVwHo Comet to Totrftar ia 192^ A J 34, a 133 (1933), 

4 H. Iff. Bobdll, Ob the Origin of Fadodie Coafta. A J 33,'8.49 (1930). 
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ULfit. Ffir abe Kometen nrit dn a Perlode von wmrigcr bIm 2000 Jahron wnrde 
von fhm nachgeprtft, ob due ffir sin Kfrifangm tnnrdfehcpdn Armflhernng on 
dnen der Flaneten dngetreten lot Von den 42 Kometm mit door UmlauXu- 
xdt von fiber 40 Jetanen honunt nor einer dem Jupiter and doer dam Saturn so 
naho, dafl dio g e g mw flrtige B&hn (lurch Einfangen antetandan win knnn. Bd 

flbrigen Kameten mfiflten nach dem Einfangen gnn* orho bllc hn Hchn- 
findemngen elngntreten Belli, die etch bento nnr durch tehr laogwlurlgo UdcIh 
mmgen nachwdaon liefien. Anch in dieeen Fallen let es noch webradidnHdntr, 
daB dkae Komoten dur c h Jupiter und Saturn els durch dlo fluUcnratun Plnnctcn 
dn gefang cn warden rind. Ffir die karspcriodlachon Komotan dagogrn warden 
die m mule leu Zu—mmmihingo ndt Jupiter durch Rusbxll ouch writcrhla be* 
■tfidgt Vi" Ifnrm «kn ariw wohl VOH dnOT Jnpl fwrfimlHn dor Komoten BpTUChCTl, 
walche ebon din kunperiodladun Komoten mnfaflt, nkbt nbcr vun Fomilien in 
bexug anf dk flbrigen Plane ten, wcnn man dabd dnen dynumlachon Zoaammun- 
hang lm Ange hat. Anch der Veraoch, ana don Bohnon langparlodlachnr Ko- 
meten aof die Exiatens einea tramneptuniachen Flaneten am achlieikn, vorilcrt 
d&mlt mine Berecbtiguiig. 

Ana dem vorhecgehcndcn erglbt rich, daB die kursperlodlachcn Kometm 
Ihrum Umprung nach mlt den parabatiachen eng verwamlt rind, und trots der 
bextehendon Scbwlcrigkriten wnd man anrii an kaham priori piellan Untar- 
schied xwitchen dleaen und den Kameten l&ngcrcr Poriodo xa denken bnrabhan. 
Blew letxteren kflnnen ehrmn wifi die kunpenodbehen durch Hanotcmatfirni^on 
ihrodUptlacheBahnerhaltenhaben, ohno daB men on dnuomlttdbarcfi Einfangen 
durch dnen dnrigen bead mm ten Haneten an donken brancht; vidlelcht audi 
kflnnem rie ana nflheren Partien dea Snnninuiahpki antatanden ado, ubenao 
wio die parmboUachen Knmeten ana entfemteron. Oberhaupt wird nmn bd dor 
Fnge nach dem Uraprnng der Kameten beachtsn mfiman, daB win dne dnhelt- 
Bche Entatehnng tiler Knm eten nkht notwmdlg nnmwhtnMi branch t. Nohen 
K nm eten aolazen Umnrungi kflnnen andcre intonteflaxur Hnrkunft lm Sonnen- 
■yatem vurfaanden aeto. 

Ffir die Frage nach der Natur der Kameten Bind dJejanigan mlt kinxar 
Uml a nf melt noch durch fdgenden Umatand beaondera bodeutungavoU go- 
warden: Hire Baboon haben Zuaaxmnenhflnge ndt don Bnhnwn yon Stern- 
Khmqy enadiwtrinan erkamen laaaan, ana denen anf dno engo Verblndnng 
swiadien Kameten und Sfcornechrrappen gcacfalomen warden konnto. Hlarmnf 
wird lm f olg e n d en (Ziffer 5 , towle 6, 8 und 9) noch jgwnwivrr dnsngdian kIu. 

4 , Blnwlna K o m de n mit h wonder an Baharifantftmllflhhaltfin An dJeeer 
Stefl e mi n och anf ehrigo andere Punkte hlngewbaen. Bel duehun, b a m nden 
bd knrzpviodbchen Kam eten haben rich Babnflnderangen geadgt, die rich 
nlcht anf Stflnmgen dnrch die groflon P lanetcn surfickfQbren lateen ; a r* nA 
Uer vlalmehr Krflfto wirkaam, die ffir die Phyrik der Kameten van Bodontang 
rind. 

Zaerat handelt ea rich uih Abwelchungen von der nbrmalon Be- 
wegung, die bri ri nsdn e n Kn meten beobachtet warden rind . Mlt groflarSlcboN 
bdt rind aolche Annmehm bri dem Excuschen Kameten nachgmdown. Beralts 
Ekcxk eelbat koemte idgen, daB die mfttlqre tfigtidw Bewegung dleecs Kometen 
dno fortwflbzende Z nn a hmn erfftfart, die nerst ffir rinm langen Zeitnunn kOn- 
■tantwe. Die aplteren Unt mnnhn ngen, beaandera diojenlgen von O.Baoxluitd 1 , 
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Unt roftm ngm O. BACXumm rind mrirt In di Vortiflhnttiohgn— 
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erguben daim dn Kldnerwcrdcn (tint Znnahmo voo anacbdnoHd spnmg- 
hfthnm Charaktor. Ea laoem rich g ew ioo xdtHcbo Gronaen angebem, innerixtib 
Hu mi die Ztmahmu dor mittlarcn Bowegong kanstant hlribt; in dwn infedii- 
andarlolgondmi ZdtinlnrvnDon abac wild dar Betng dlaor Zunehme immer 
gsingar. Dio sritUchan Graaon fftr die Andcnmg dir Ztmahme tin gun In Am 
Tahran 1858, 1868, 1895 and 1904. Kino gmuaere LaknHrinrnng da Spranga 
ufc achwiarig, da dor Kanet nnr in dcr Nflho da Ferlhelaxaboobeditan lot; doch 
liegt nnch dm Rochnungcn van Backluxd die Zdt nicht aUxa writ van dor- 
jonlgon da l^rfholdnrchgaiiga oatfmt. Dio Znnnhnie dor mittlxren tflgUchen Be- 
wagmig In dor Zdt van 1819—1858 bat 0* f l (fQr die Zdtrinhdt van l 200 Tagon) 
botragen, in dor Zdt von 1904—1908 mr nodi 0*,(H; dor Wart lit also anf den 
sahntan Tell lurOckgogangan. 

Dion dnrch iahr dngobondo StflrangKtriammgon richergatdlten Bowegunga- 
snamallun habon mannjgfadio Dcntnngen erfahnm. Dio Rochnungcn wriaim 
an! dna tangential wirkando Knft hin, die dem Quadrat dir Bahngachwindlg- 
kdt prapertiaiial bt, nnd oh on Siren dechto on die Wlrknng dna widor- 
Btahcmdan Mlttote. Da jodocb bd don Bewcgtmgon dcr flbrlgon Hbmndflkflrpcr 
addle AnamaHen fchlon, no hlnlt Bxbul a fftr wtluacbainlldior, die Unechc 
fftr dk) Btachkranlgung lm Komoten adbat an nebon. Dftoe boidon Anffa antigen 
atrium rich in gowiwom Sinn ouch bento noch gogendber. Bacxluxd will dio 
Boddounigniig in dcr mittlaran Bcwognng daranf xnrftckftthren, dafi dcr Excn- 
echo Komot bd nrinem Umlanf jowrila wflbrand VBrhflltnfaroflfllg kutvr Zdt 
rinen lAotocnchwann dnrchiflnft. Dio boobachtoto Abnabme In da Bachlmmi- 
gnng knnn dann (larch die xanahmondo Zentnnraog diaa Sdiwirma orklirt 
warden. CnAjnjKie 1 dagogan bait a fftr wabndieliiUdi, d&B dor Knmet in dor 
Nflho den Porihub Hotoorc annatOBt, dio doa Komoten in dir Balm folgan nnd 
adoa mlttlore Bewcgung haachlounigon. _ 

Bri dnigon amkrtm Komoten, woo dem BmAacbon nnd dam BnowExachan, 
■Iml obenfaUs Bowognngnnomalkm ahnBch demon brim Excxncben angedontet, 
aber a fohlt dor riebaro Naohwda der Smchdimng. 

Defl in dan Komohm Mlhst irliahHcbe Erflfte Irri warden Honan, wriche 
(Ho Bahoan dlenor HinundflUrpar bodnflaacn, hat ririi in rinarinon FlOon 
aohr dtratllch gcarigt. Zuorat ad dor BiKLAariio Komot* arwflhnt. Km vw 
dor Sncbrinnng (lea Jahron 1816 trat dno Trilang da Komoten in xwri Telia 
dn, die rich bIh aolbatflodigD Hiirandskflrpir wdtalwwugUm. Nochbedentenekro 
ToOnnguvtagflngu kunntun bd dem groflen Soptomberkoraoten 1882 U (dcr an, 
don langporlodlncbon gnhftrt) boobaebtot wciriem. Hlar lflaten rich in dor Nflho 
dcr Son no dnaolnu Kerne lei, fftr wdebo H. Kmin* B amn Tdl die Baboon an 
rodmon vormochto. Ei ngabon ririi EHljaon ndt Pmlanf—ritwn von 671 bia 
955 Jahron. Boaoodon bamork o niwcrt 1st der Umatand, dafl, wflhraod dor 
Komot dm Behnfpnchwindigkrit von 478052 m/aoc hat to, nurGarinrineHgkrit*- 
flndenngon fftr mo dnaolnon Kemo im Botrag van —1,58, — 0 j 46 , +(M6 nnd 
+1,05 m/aoc notwendig waren, nm dio atarkxm Bahnflneiamngon da dnkelnem 
Kano htrvammifan. SchlioCllch wnrde, mn noch dn dritta, haexxton anf- 
fallmvlm Bdipiri hervaamhobon, brim pariodiachen Kpmotm Bsooxa (1889V) 


i C.Y.L Ciuauia, filar dio Andntlaa dar rnttifacm Baavguag dar 
HWd, fr. Luuh Ota. a, Nr. ap [Aifc. t Hah, Aatrae. ooh Pja. 1 Mr. 4 (190®. 
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dne TnehtffJiB Tdlang wihrgenammcn 1 , din car Blldnng BoIbstBodiga Ko- 
meten fflhrta. 

' Eln Ifitxter, andas ga artcta Fell td noch awfihnt, der cocrst phyriknliadi 
von becocdcrer Bedeotnng ca win addon. Der Knmet 18861 bend tote dor 
Bahnbecdznmncg Ungere Zdt Schwiaigkdtan, and A. Svkdbtrop glnnbtc 
unhHeflHch nachWaen ca kflraen, defl nnr bed Annahmo alnar venrrindaten 
Somwiattraktlon. also das cmfltididwi Sannanrepabkci, due Dantellang dor 
Beobechtangen ^rifl gHrh Firm von nwiwn dnrchgnfflhrto Bflhnboetimmtmg 
von E. KroTJOf* sdgte jodoefa, defl bd dna ■argfelagon Diakuwkm der Boob- 
aebtamgan "nd yor alleni bd dna Neubectbmmitig dor Anhaltatane Dnr- 
iMlnng dutch die Anriohmig dor gewChnlicfacn SonnonmuM mflgHch lit. 

B. Die Bchnon der Matoore*. Gcwflhnllch trilt men die Metooro in Stam- 
ac hn nppen and Fenerkngeln and die ca lotctsren gahflrendaa Motaarlto edn. 
Die cnterendndUeine, d " rnui f * * r'i^ nM ‘^ 1 wlnifTigm wwi nnhn jHntrhmitRlg rtr 
kdt wihrend der Denar dee Aafleochtnna. Die Fauakageln dn g a gm adgan 
due ataik e HdHgkdtsxamhmo, die vieHach ndt dnem Forbenwocheel ver- 
banden let; cm Bade der Behn, dem Hemmungapankt, ninunt die Iicht- 
enchdiiraig ecplnrimrertlgm Charakta ul Die Meteorite achlleflHch rind 
Bradatflcke van Feaakngdn, die car Erde zdoderfcUen. Wann bo da Untcr- 
ecUed cwladw Stemachmippen and Feaakagdn (bnr. Metoariton) dn rein 
InBallcha 1st, da due dndeatige Zuxdmmg nteht gHimsl in aUen F&lkn co- 
lifit, ao achiimen doch dne Zdflang acharf anageaprocheno Untenchlodo in da 
Art da Buhnan da TTisj—i vtn Hhnmebik&rpom in j w frdw" . 

Fftr die B eat 1 m i m ing da Behn dna Mctocn genflgt din Konntnla von 
dtawr Gcachwindlgkdt n&ch GrfiBe nnd Rich tong in beang anf die FjtU uml 
demit inch an! die Sonne. Die Bg a ti m n m ng ftiww Geaohwindigkdt let alla¬ 
dings In den mdaten Flllen nnr nrit mehr oda wdga grofia Annfthdnmg 
mflgH c h . Elne imml tt rib a re Bnrimmun g l«—nn die groBon Motoore n, fftr 
die Beobechtangrm von mehrann Erdcrten ana vnrHogai, In addunn 
aHadingB diene Gadiwimtigkdten berdta dnrdi den Wldaatand da Erd- 
atmoiphlra bednflnBt Bind, bedarf dngehenda Untarmdmng 4 . Dio mdaten, 
direkten Bestlmmongan da hdln—iiiteiiwn Geachwindlgkdt da Fonakngdn 
in uHiulttdberer Nflhe da Erde agaben h yp erb u Bacfao Wata. G. V. Nubbl 


_ L DWprqy md CXm miJum of Coonsmlaqi to Coraot 1889 ...AM 
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glbt Dnrdwchnittswcrta von 59,0 biw. 59,8 kra/aec an, wfthrcnd dk porabotiadbc 
Geschwindlgkdt in tier mlttkTcn Erdontfarnung 42 km/aec bctrflgt. A* WsGOTH 1 
hot dk xnlttkrc hcUoxcn triadic Gtadrwlndlgkait fftr oins Retho groBer He team 
urrnittclt, wobci dk Abnalimo dor bcobachtutcn gocuantrkchen Eintritts- 
goachwindlgkelt dnrdi Rt-ibnng in dcr Atmoflphflrc bcrflckslchtlgt 1st. Der 
gafnndcnc Mlttolwort U'trflgt aogiir 63,4 km/aoc. 

Fftr dk Stornachnuppcn Hcgcn cbcnlolts tallwclso dirokto GcadnrindJg- 
kdtabstlmmungni vur; in Znkunft iict sa erwurten, daB photagraphlacho Boob* 
achtrangHroothockm du Material urbuliUch Yurmchnm werdan*. Fftr dxxm grofien 
Tdl dor Steraadmnppen 1st man bd tier Bahnbesthnnrang lotst nodi snf ln- 
dirokt urmlttdto GciicWindigkdtQn angawlcsan. Man nhfllt mno Dnrcbsdmitts- 
gctebwinUlgknlt dcr Stanwchnappen ana Abxflhlnngcn dor Hftnflgkolt doa Anf- 
txetona sn vorachlodencn Nachtatnnckn, Dna Vc rhlltnbi dor Zahl der Stern- 
achnnppcn, dlo onf dur Vordandto hsw. dor RUcksdtc dcr am dk Sense rich 
bowogenden lEnk hcobachtct warden, 1st unmlttclbar van da* nrittknn Go* 
achwukllgkalt d a Sturnachnappcn in bong tuf dk Brdo abhlngig. Auf dloo 
Wefau hat naben H, A. Niwtok inerat Schiaparelli dk mittkro bdUcaentriscbe 
GanchwlDdlgkdt der Stcmadnrappon sb olno nohr nabe paraboUscho ernrittatt; 
in dor. Folgwcdt rind dann aahlrdcho Stornsdinappenbahnon on tor der An- 
nahmo etner pemhnHschon Gcachwindlgkdt baredmot warden. 

In dnnlnan FHHon war ea mflallcb, fftr dk Stamschnappao nodi gananare 
Werto dor holloKantrischon Gaadiwiiidlgkdt sa crmlttcin. Za go w inen Jahcoa* 
saltan trottm StornachnapponachwArmo anf, dk dne gamotosazno rflrrmHrbo 
Bowcgnngvkbtang Iwriticn, daran achulnbaro Bahnen an der SphAro also tm 
dniim Rcrodnsomcn Kndlantim (beta! eh net durch du sdner Lags entsprechesuk 
StamUld) bcrvargdicn. Aus <kr paiodbebenWkdorkohr dues aokhon Schwarmes 
scbloO snarat ScnuPAHMJ.1 onf duo olliptkcho Bowogung, wobd rich dk kne- 
ndfldio Goadiwindlgkoit oua dor Umlmikscdt ndt boondon hohor Gtsnsnlg- 
krit ergab. 

WAhrond aho dk FunorirageLn rich fast immor In axugDqnocbanan Hyperbel- 
bahruan bowmen, war dk aMptkcho Bahnform w mi g a to n a fftr oinon Tdl dor 
Stccnachnuppon nlchorgoatollt. Man SDchtu dk gdandanon Ergabrioo sa w* 
sHgamatnam ami achlofl uof dnen prinslplellan Untorachlad swlschon 
Stornaohnuppon and Fauorkagoln*. Intstnro salltan durch wag lnhs> 
atdlaran Unnrunga adn; dk Stornachnuppcn dagegen warden ala atftndlga 
AHivTar dm Somumsyatuma anfguTaOt, und da Starudmappawdiwflnno and 
Eomoten rich in domullun Bahnon bawegun, schlnfl man anf ahum anmlttd- 
bam Zammmenhang swbehoo bridao. Knmoton lflaan rich sa Steinvchn appeal- 
achwflnmm auf, tufla durdi den KlnfluB dor Scmn on attraktkn, tofla durch dk 
lnnoron KrfLfto eka Kranutim 4 . 

Doch bit dluvr oogoro SSonramonhang swbehan periodtachen Kmpa ton 
and Stemadimmpwi nor in wonlgan Filial durdi dk Boo ha c h t nn g wlrkttch 
ridvffgntdlt. ICa rind dim noch C, Homncumni: dk Loanldon und aer Kanat 
18661, dk Andromadldon and dor BnrLAacho Karaot, dk Aqairldn and der 
Kmnot Halle v, iwwIb dkBrakanWen and dorporlodkcho Komot PoiiB-Wnnrici*. 
Sobr wahrachdnlldi lat such dor Zossunmailiajig swkdien dan F» *Jd o n and 

1 A. Wusm, IXq GflBkwkdlgkrit imAar Ustoar*. Hstarwrimoh. 13, S.3M (1037)1 
TfL inch spAtor XUT. 1B. 

• V|L ZUL18. 

■ Uwodn anrh R. Wrs, Dribta nr Kmntnla dv Starnarimnpiw 

4 Fftr dio kMztaaa Anflwmg vri. u—idara Tn. Baamnnm, Stoda nr rodgno m a 
nritdens andqnea ot k fbrmatka <U kan eouanta St FUanbuv 1905- 
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Komet 1862111 and swtachen den Lyriden and Komet 48611. In ellon onderon 
Fallen. ht man bed Hw TWhw'hf ti T nir mn g ledl^ich anf din Annahme einer pnra- 
boHachen Gcachwinriighrit der Stenadumppoi angcwfajeon, bo doD dan derana 
errachnefrm BahnUhntidikrftnn brine allxn grofle Bodentnng msoadmdbcn lit. 

NencrdingB hat C. Homixirm 1 die Frage von acoom antcntncht, vie 
writ die Annahme gsnflbert pHTihoHndw GeachwindlgkBiton, dio anf don Er- 

-own 'RflTrWgfcpfHrfbhmg wn bernht, els gwdrhnrt : tmg wwphrm mu Hmi 

fcanw. Eine Diakttadm neneran MaterUh nach som TaQ noaen Godchtsponkton 
fflhrt ihn mm sa dem Ergebcit, dafl die mittlen Gcachwindigkult dor Stem- 
tri inn^ mn gr nirh t pai ybnHwi h , aandem ohenBO wle die dflT FntimtngpJn pna- 
geaprocbenhypcrbaUachlat Er flndet Mlttriwerte, dio daa 2,4/icho der mittlercn 
Eri gmliwlnrtighri t betragen, aha daa Mfache dir paraboHachem Goachwindlg- 
kdt. Die Sterned mup p ai wirtn danach wlo die Fogirkiigoln mm lUxrwicgondan 
Tdl fartenteUnen Uagrunga, w e en anch trilwriae dn oigcrar Zaaammenhiing 
switched Sternflchxmppen and Kameten beatohen bldbt. Anf dloeen Zfuenunen- 
hang win! noch an anderar Stolle einsagahen actn (vgl. Ziff. 6, 8 a. 9). 


b) Die phyaiBche Beschaffnnhelt der Kometen. 

6. Du Aoaehen dec Kameten. Kino Baachrribang dei Aimhun i dcr 
Kameten mnfl rich anf elnlge afigemedne Angaben boachrflnkan. Jodor nin«^Jnn 
Sennet etallt dn Indtrldnnni fftr ilch dar, daa rinh in gnn« weacsitUchcn ZQgon 
van rinem ncrmalen Typna anteracheldet Immtsfain iat aovinl Gomduamaa 
whanden, dafi man me DanteHnng dee dnrducbnlttUchen Varianfm dner 

In grdfiven EntFaiinngm yen dor Sain at bbtet rich der Komot etots ala 
rnndea nobeMgca Gebtide dar, fcflnflg mlt sentndar verw&achancr n*W anch 
adtarf stemfikmlger Verdkhtong, dam Kern. Sdnfldm Kama ton, die der 
Sonne xdcht aebr nahe knmmen, behaltim dleaoa Aunahon bd, bb alo dor Hoob- 
achtuog wleder entachwindoL Oft aber kocimt aa anch bd achwe Anmn Tfnrnn tnp 
in der Nlhe der Sonne sar Btkfamg einee Schwelf ob, der yon der SVwitw wog- 
gerlchtet let, and der entweder mlt der Blchttmg dm varl&ngarten Badha- 
vekton snaammwriMlt oder in der Bewegnng dee Komctcn dahlntor aorflekr 
bldbt. Unter UmaMnden treteu anch mohnso Seh ^ y^lfh anf, die In vtnehiodenoni 
Grade fainter dem vedAngertsn ■nr MfMwflwn 

Bel grflfieren Kameten, die der Seme nahekammen, let dio Sdtwalfant- 
wicUang ndt fefaheftm Vacgmgen fan KamctankapZ verbtmden. Van dem in 
dVrn FlDen mdst achaifai Kern grihnn hefle Arn » tr ftmnngitn die Sonne 
bin, die fane Rlchtnng oft laach, sawtifen pedodfech flndem mvi bo d«i TT3n - 
drack dnea ■chwingenden lichtkngria h awaiuhn . Bd dnsehwn Komotm 
dnd aa c b mafarwe AnafaAmmgan nehendnander oder vrm fftchmftkmlgBr 
Sboktor wafargenommen wirden. Ah dnea der ac h fln afam dleacr Art 

aden die Zefchnmi gBii wiedergugubon, die SaranTT yam Kopf daa grofien Kony^en 
1862 m a ngftfm Ugt hat (Abb. i). Bier rind die pjwHrv^lwrhwn Schwingnngm 
dm Anmtrflgnmg (Ptriqde6btt 7TagB).dectlkfa amgcprtgt Bd ddgen Kameten 











z ULb. 


Do AKrtwi dor Kimatna. 


437 


rind die AnmtrflnniiigBvtKBAiigo von ao heftiger Natnr, daD die Materia fiber die 
Gransen dca Koaictmknpha lifauna gogaa die Sonne Mngotrloben wbd and dam 
Kern angnr in tier Bcwagtmg varangeht; m kommt daim snr Blldrmg von Bog. 
anotnalen Sdmdfen 1 , dlo Bhjcjjiuwji ah die Urmcha der S ta r iachimp p u n- 
achwflrmo ourioht (vgl. Ziff. 5 n. 44)- Anf dlo in grofler Soonennfihe anftzatanden 
KantaHnngno nod die bkwnUcn dairdt varbondene Loriflanng von “Mkometan 
fct bcrcttn frflbcr hingawinui warden (vgL ZUZ. 4). 

In don gowflhnHchffli PUlcn sdgan dlo vkoeDen Beobtehtongon bairn Anf- 
tratan vrm AmBtrAnmngon munlttalber hinttr <Vn Tfwn dnat dtmklon 
wflhrond m boklon Sdten der Konutonkopf In dan Scbmdf fibargehL Dv 
lotxtaro 1st (fir cUo vhnaDo Boobaditnng ittrnkturlaa odor such van fiaarigor 
Stndctnr. In rbub adtonen FMkm warden bmerhalb dca Scbmeifni dmdbn 
kngcMetn Tcflo WRhrgmomman. Ala BckpWo nden dlo goacfaichtote Strnktnr 



Abb, i. ftinrtininiiiiapabrinmiiFn brim Komatoa 1MB m nob A. Smoot, 
(ana Mem. driJ*0—ntnrio dal CdO. Hnmano Moor* a. Bd. II). 


dca HnuptHchwuUua doa DoxATBchon Kamotan und die WalkonbUdangon lm 
SdnwdC dm groikm Kamoton 4883II gmmnnt. 

Kin butloutandur Vnriadiritt In dor Erkanntnis der Strnktnr da Komoten- 
adbwdfu wnrdo dnrcli cHo Hlmmolftpbotographlo areldit Die pbotographtaohen 
Anlnahmcn dur bnHnmn Komoton w obus pngowhnte BQlb von Klnrihri ton 
(vkonnen. Dor Schwab ltet Mch In mufthUgo, von Innerai da Kopfiea ana- 
gohendo Strahlen auf, die bk Jotxt am- beaten bd dam viaaall nteht bcaoodcn 
heflen Knmeton 4908IU aageprtgt wand. Neb®. dfaaan Strahlen troten 
vidfach w nlhm arttoo GobUda anf, die aich mit mnebmender G*chwiodigksit vozn 
Korootenkopf mgbowagen, and damn Bahn ntk Umattndec 4 Ida 2 Tags 
nnd darflber hlnana -su varfolgtm 1st. Du photognphkdw SchwalfUld da 
bollaron Komuten welch t alao von dam, du ana dm vkoeOan Banh a dit migra. 
her bokannt 1st, woaentHch ob (vgL Abb. 2); ▼koafl rtdiotat bln tar dam Kora 
ahi dankler Ranm, pbotcgraphi*® troton hkr holla Strahkn anf (vtf. ZUL 42). 

1 VgL dlo Z^mmmmMutq boi Bmianv-Jttaaaiujw, (pmetaeiannmi, 8 .19tt 




Hit 






4J8 


Sip. J. A. Sam: K om n tm und Setoan. 


ZIU.7- 


lilt itiwwi wU gw r w jrMn Angifvm ■dun dlfl dnleltCDden ‘R a Tnnr fc itng m tb- 
gschloaea; dne grOfise Awhl yon Kinmlhdtcn wird atch bed den fdgendca 
Anafflbnmgen (vgL beaooden 238.12) ergeben. 


$ 


Ahb . 2 . Ibnat 1908 IQ (Hbboir^ adi K.'Wiu. 

7. Die HeQlgUt der Komw t an . Wk behanddn mat die HelXlgkolt 
dea Rome t en kopfci 1 . lUst beechztnken ridi die Angaben ud die Gcaemt- 

1 gTin— •H mImpIiIttw , hiwt.— "^ n iTrtnmilibiilir r Ml Irm i LdjH%iB97. 
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Die HoIUgkrit tier Kometm. 
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iKsWgkdt Koplct, die la GrAflanklamen In das System dor S tarnhclllg fcai t an 
eingmchilUt wlnL Umfangrdcho SchUxnngcn dimer Art rfllmn sn J. Hotjct- 
bchkk 1 her. Blflwcilcn wvrdcn ouch die HriUgkdtcn van Kan and Kopf g etrenn t 
angogoben 1 . 

Photo mo trtachc Humungon von Komotnnhdl Igkri tai aind verhAltnls- 
mflfllg we nig uuguffihrt wurdan. Einlg p noaaro Boobachtnngirolhcn sakoa 1m 
fdgondah BUgogobcn. Zum Tall wunlc die Hofflgkrdt van Kometon Ihnlldi 
wia dlo HolligknU vim Fimtcnicn beatimmt, woboi die ptmktfflnuta licht- 
qncllo dun Stones nnmlttolbor ndt dom cHffamn Kometonllcht vmgudun 1st. 
Hlcrbor gridiron die Mcmongtui, die s. B. K. Ghatt* and H. Robb t h m o 4 ndt 
dam Kdlphotomatur and E. C. Picxkuxg 1 mlt ahvxn Pobrimtkwyhotometgr 
ansgeffthrt hah cm, 

Nodi dnem andiron Prinrip, mit doom beomdenm fQr arida Zwccko 
koostmlurton Photometer, wnnb un Harvard Callage Observatory* dns grflflere 
Botha von Komcten ans den Jnhron 1879 Hi 1893 gera cMpn . Bd dtrsrrm Photo' 
meter wird ctn cxtrolnknkn Stirrachribchen aid dlmdbe FUdambdllglmlt wic 
do Komot gubradit and am dem YarbBltnls dor Grflfio dor PUdon In dor Bnmn- 
obana die GtMamtbclligkalt (lea Koracton In Grfl6soUanon crraittolt Audi das 
Sclonphntumotor 7 1st gdogontllch stir Hdligkdtabastlmnmng h ara ng ra n g ni 
won ten. Hlcrbct winds wtodur do Komot mlt doom cxtndokihn Stanschdbchcn 
vtrghcbon und daiaiu (Uo Gcsamthclllgknlt dm ursUr on hargddtct. 

Zid widtcro Bditpiak) Iflr die photranctrischo Dmlluuntm g van FlUchon- 
hdUgkdtun hat Koido tan aclan sdiHcPUdi noch angafflhrt J. Hartvahh 1 hat 
balm HALLKYachun Koracton vteurito Mearangon anagetDhrt and dibd mit Hide 
van Futon lmunsnsta Spaktralbmdcho nntor Bcnntnmg dues Kdlphot om et a a. 
unbrsudit W. HsnotAintN 1 hot die inflchmihaIHgkdt dm Kona tan 1921II 
ant photographtochcmWogu nntor AnachhiD an artiafnValB StombOdo ermlttalt. 

NenordingH bo rich tot C. O. Laieplami 3 * flbor Yoraucho, dlo Strahhing dm 
KranotankopEw ouch raiUorootrisdi nntor Boratstmg voo drind e nar Spektrol- 
flltar xu momon. Dlo on ton Eumnngen sdgan atarko Schwanknngon in dor 
HelUgkolt dur dnsrinen Spoktndhcrdoha. 


i VgL liaoiMkn J. Ilouraicnu, Dotson oh msm Bbor dlo GrtOo nad HdUgMt te 
Kometm and IhrarasMta. Til hhV. Vrteowlteiloohr. KL63,a317 (1896); 

T7. H. 503 (tun 5); m. a 743 (1913)! 93. a. am (wfl; P4, a 375 (W7). JMUlt nets* dm 
Iberhdtung dor rimed Ttanbeehtoegoe vur rilem eioo ■ hnhU e fl o nri e DantaDug dm lltm 
Komoten, siwaIt In hto Mm QoaUan brssaUaura Boa b Mhta g m vortbipn* 

1 Vfd. uDer Aofplm hi vorijj* Ana. o. a die Hootoektaageo wt J. Hotaaaa* b 
AK 139. a 267 (1901) (Kooet 191111): 164. a 131 (lpOtiflCamri 1903 IV); 167. a 367 
(ions) (KiKOOt 1904 I): llta. a. 333 (1PW) (Koaot 1908 m)| «mb die naoh s eh lnes w i 
van W. Warn, AK 164, a IBS (11W) (Kami 1903IV): 167. a 289 (1903) (Ko-^ Wjl 
168, a 361 (1905) (Kmnetan 99041. 19051. 190311): 171. a 153 (1906) (Knawt 19OS 
172, ai85(1906)(K«siotig03VI): 173. a 109 (19«S) (Kmnofc 1905IV); in. a 81 (1908) 
(Komet 1907IV). __ „ 

• K.diAvr. Bdlbkdttetaehtaium daa Cometaa 1900IL AK 157. a23 (1901). 

4 IL HanuBB , Hull.. ¥ni<m (M Komotm 1903IV. AN 164, a 183 

^^1‘lC,c.PnonuMO, Brlghtma ol Hauumli Ooaat Htrvdio 137 (191C9* 

■ Obarvatkos of Comets. Hetv Atm 33. Nr. 8 (1900). _ 

1 J. ttntasnm. TbnDrlghfaw at HAmrr 1 * Comet ti mawrslwllh s 8nhstom Rwto 
tartar. An J 32. a 179 (19101. 

* J- Hii TiiA—, M—otipnderFBahmhdUghBlfcdMHAUiTSdtm Ko—tm. A K183. 
81 WjSnasAMSK. Db HeUifkelfe dm Kometm 1911 a (Ram) b dsMba dsMheh. 

ak 21a a 333 (Iftia). 

» c. O. Lampujidi Redhnetrto OfamrvatkeB of Bajmxaatns Comet Pop. Astr. 36, 
& 210 (1928). 
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Ziff. 7 . 


if«p j., A, Sonr: mul lCotaore. 


Dio Angaben fiber die der Kometmechwetfo gehcn 1m ftllgo- 

mtAntwi fiber robe BoechreUxmgnn nicht hlnane, tmd anch die Zdchnnngcn 
Blterer Kmneten xrar atftrksre relative HdllgkeitauntorBchlBde erk e n nen . 

Wno gaumoo Ennltthmg der HcUi gk a l t iv er ta flniig In KanutanuchwaUm lot 
van (ter Anawirtang photograpfakcher Anfnehmon an erwartan; jodoch fahlt auf 
den Flatten mekt doe sur Beatimmong der IntenaltfUavarhflltnlieB, Bo- 
wooden A nfnahmen do- vedax^ten Art Bind von £. Kboh 1 bdm HAia wchon 
Komet en In awderid veracfakdener Wdtoe hecgeetdlt wordan. Elranal warden 
xwd Anfnghmen dee Kometen jewdli gkdduaitig mlt xwd gl c k hfl rt lgtBi Objdk- 
tiven (Stereokameni) aid Wm Platte anfgenamrnon; daa edno Objektlv. war 
AmhM Tim «4n-i h*kannh*n Being ahgehlendet. Femer kt bol Aufnahraen 
mlt elnem Objektlv cine S diw t xxnhgi e lnda nrit Hilfe ednea Rdhrenphotcmotors 
hflrgeftdtt Die hlerbel beobochtete HelHgkritaaboafame ndt mnnhmander Ent- 
fm. iing vom Kemetenkopf wird dareh die Diditeehnnhme infoigu der Aub- 
bratang der Schweifmatarle bbmdchend erkttrt (vgl. anch Ziff. 9). 

AHa die BeatimnmngEsi dor HelHgkrit der Kometen adgon non, dafi daa 
dimer HimmalakJkper dne eehr verwickelte Enchelnnng lat. Die 
Booinchtung ergibt sanftebat nor die acheinbeie HdHgkdt ffir die Entfemnng A 
nn» der Erde; ran an vcrglelchbaren Werten so konnnen, mnfi dtew In ofae ab- 
aolntB HelMg kett nngewandelt wtrden, wobel man ala abaohito HdHgkdt dio- 
jenlge besdehnet, die der Komet ta der Kntiennmg elns (1 utranamkcho TOnhdt 
_■ nrittlne Entfemnng Saane*Erde) bealtst. Iat h die acbebibare HorUgkelt 
deaKometen, ao ergibt k—Hj/i' die ebaolnte HalHgfcritff. Dieae lotatere nlmmt 
jodoch ndt abnehmender Entfemnng van der Sonne gtota atark id, and man 
hat hinfig vcnocht, itiin Ahhlngigkdt von der Sonnenentfamang analytlach 
dannateflen 1 . 

'Wire daa Lteht dea Knmeten lectigHch raflektlertea SomaenUcht, ao mfiflto 
ttmti dareh den Andrade k — HJ/fir* (r — Entfemnng Sanno-Komet) an 
elnem k un a tau ten Wert ffir .die rednalerte HelHgkrit B x kommen, weldur In 
Grflfienkkaen etne hnutanta r ndm i rrte Grflfie M x — m — 5log(d • r) ent- 
epredien wfirde. Nnn ergibt rich aber bel den rinanlnen Kometen M x krinca- 
wega ala knnatant; viehnehr aeigt anch die rednzlarto Grflfie nodi due hflnflg 
aehr erbebhche Zcnahmn ndt der AnnAhemng an die Sanaa". Du Kametan- 
Hcht iat also an elnem Tdl elgeoea Llcht, deeaen Entatahnng irgendwle mlt 
dm Scnnennihe in Vexttndang xa brLngen lit. S. V. Orlov 4 wdat neoenHnga 
anch enf eine" Zom menhang i w hde n ~Rn« n w iw nhwlHgkwl t rmH Seamen til tig- 
krit bin. 

Der rednxlerten Grflfie M x Vn m int danidi phyaikaUeche Bedeo lun g 
an; trotxdem pfiegt man mdat die beobochtete Kometonhrilighri t in der an- 
gegebenen Weko an r ed ni kwi and die Grflfien M x car wd te c an Dkknarian an bo- 
unban. Man erhllt dnrch den Verglekh der M x efaunal oin TWld dea Helllg^adta- 

v w rijtr t fw bdm dmtnlnwi TCnmw f wn TTnd hnn bd pwHndlrJiwn K o m e te n die 

nhudnen EnriTrinimgm' Iricht adteinander in Verbindong bringen. Da etch 
Afj steta nrft der Enf fw mmg f dea Kometen van der ft*™ flndart, bo mnfi 
man bdm Veqfldch hranc M x in adnor AbhAngHgkeit von r betrachtnn. 


1 K, Sonruacnu) ud S. Xu, On tb> DMdhrtan of Th ljliln— la tta Teh 
of Ha turn Count Ap J 34, B. 34a ( 1911 ). Asoh vote dam IStei: tSW dk HMHgWta- 
vnttllnc In Mud! das Hiumdm idmehn. GOttfapr Heobr. 1911, S. 197, 

1 V(L J. Hunan; Amm. 1 8.439. 

1 GakpenBUi dad aach ndn Garta mtncht; a. B. 8. Vucutiaixxt, tlbnr dla 
HdBafcdtdor Snm ata n QMaA). HA J % H.3. B. 60 (1930). 

4 B. Oasov. Die HOi|Ut dar imd dla Akttrtttt anf te 

(Rudadi). Fabl. da rOfaanvat. AatrephjniqaB Cmtrml do 


3, & ISO (19230. 








2 JtL 7. 


Dia Hflfflgkdt h«w Komoten. 
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Ea wfliu doabalb wohl bei anidinn Untonachnngnn einfaphor, WHglWi die 
abaolnton GrflOcn M in {brer Abhflpgigknit van t ra benuLxeu, nnd von dor 
Barocbnung dor icriualurUai HoQigkzdten ganz n hmi iwn, lfan nn^ ru n gtirfi 
dk) roduzkrton (iTOflcn buredhnot, nm nachprftfcn ni kfianan, ob daa Kometsn- 
Bcht rcflokticrtcB SonnonUcht fat; nochdsm ilch dkao Azmahmo aba r ala nnzo- 
rdchond orwk w nn bat, bestaht iftr dk Barochnang dor rodazkrten HelHgtalt 
kuim rnchr aino Bcrccfati g on g . 

AIh Bcbrpt 1 ! dnoe nunnalun Vorianfns dor GrAfie M 1 hW nodi ebriga 
Warto von M t iHodorgogoban, dk J. Holktbghex bd dcr letzten ROckhrfir 
fQr den HiujcvKbcn Kamo ton 1 barodmat hnt. Dk Worto M x nrit ckn *a- 
gphflrendcn Warton van lagr aind: 


Kodialortc Qrflfle far Haixxyb Komat 1909—1911. 


ISO*—» 

hwr 

EB 

1*10 

□ 

■a 

1 ** 0—11 

□ 

Vi 

September 17 

0,53 

10,3 

Apdl 16 

9,77 

3,5 

Nonsba 11 

0,51 

5,5 

November 16 

043 

9,3 

Ibd 6 

9M 

3j9 

Janoar 

6 

0,59 


Janur 8 

0.39 

7,0 

Hal 15 

9,90 

4.1 

Min 

19 

068 

.7.5 

fain 6 

0,01 

4,7 

Juli 1 

0,18 

5,0 

April 

39 

070 

14 


Van groflar Wididgkidt rind dk rodmkrtan HpTHg faw l f w n < die HaunracnSK 
Iftr dk frfthcnni EnchaUmngan das HALZxrachcn Kometon htrgddtot bat 1 ; ar 
konnto dahd ndt dnlgcr Skharbdt bb nm Jahro 451 n. Cbr. nrftck gohoa, 
woboi allcrdingz n beach ton bt, dafl wirltlichc HtJHg bltMliii Bmyin orat von 
dor Rrachelnang duo Johns 1607 ob vn rik gon. TOnanlim dieaar werta alnd in 


dor bdgafflgton Tabollo 

dor Pnrihokrfllk Af, * 0 - l , «riholgrOQa Jf. dei Huxmehan K ornate a bal 
4 irtharon Braobetauagoou 

Dwra kommt iftr j*r 

a aa a a _ 9 a. a 

Vi 

J* 

*« 



das Porihol dor lotzton 
Erachntnnng (1910 April 

49,7) dor Wart Af .«-<), 7. 1066 

An dkaon Zahkm ar- 

3,1 

44 

34 

1456 

1607 

1683 

3.7 

44 

3,9 

1759 

1835 vr d. F. 
1835 ■aahd.P. 

4 fi 

4.7-44 

3'A 


dbt akh ndt allor Duutlkhkrit, dafl dk HaQigkodt dkaoa Kamo tan mlndeatooi 
lra Luii roohrurur JahrhnixkrtD in koines Woko abg Bnommm bat. Der 
UALLKYscbo Knmut nt olao dora AnflflaangBprozcO nnr ftnDarat lan fl—m nntnr- 
woricra 

Andoro Kamo ton zckuc vial fttlrlmro Sdiwuiknngcm hn Variant der Warto M v 
Kin anfklkndaR HulspU lot dor periodkeba Komet Haum", iftr dm dnzahio 
Werto van M t abcnfalh in dnor Taholk zoaommcngmtdlt aind. 


Rodualerto Or&fla AT, IQr dan parlodlaohon Komaton Holmoa. 


aiMj 

C3 

Cl 

MM 

m 

O 

MM 

O 

□ 

tfDB 

ca 

Vi 

Nov. 8 

038 

OS 

Ju. 16 

M3 


Jao. io 

— 

13.3 

Aug. 38 


13 JO 

in 

038 

1,9 

Kabr. 10 

EJ 

4,1 

Jett 15 

— 

Ej 

8apt. 35 


1M 

18 

038 

mu 

Mtn 4 

043 

Id 

LZE1 

038 

114 

Okt 10 

043 

11.9 

Ju. 11-14 

043 

11,1 

Ail. Apr. 


EJI 

ta. 34 

043 

103 

Daa. i 

045 

103 


Bel dor croton Kncfaelnang dkeoa Kqmoton wnrd e n viederbalt plfthdinho 
llahtanabrOcho boubochtot; der ants ananhninond bd der Batdocknng (4893 
Nov. 8 ), dn undone fuiffnllnndnr Aoabruch Hilt zwiaeban I 893 Jan. 44 and 16. 

1 Sabo T. Houmn, Ana. 1, 8.439, Abb. IV, & 309U. 

* J. Hoinac—K, Abb. 1 , 8 . 566 a. IV, S.aoa££. 

1 J. Horjrar.n« . Abb. V, B. 465. 
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Kip. 5. A. Kami Kometen and Mobnv. 


Ziff. ft. 


Bd den Enchdii?iigen 1899 nnd 1906 idgte der Kmnet stetB dne iebr geringo 
Hdllgkdt. Dim wenigen Bdipiele lanen berrita erknnncn, dafi daa Jicfat 
dor K oi ne ten sn rin^m grofien Tdl Eigenllcht diww HlmmeUkflrpar Jut. 

8 . DU optUcheo ffigeoichifttt i der Kometen (Dur chrich tigfc a iti Rri nh* 
tlon, Polarisation). Wkhtigen AnfachhiB Ober die phyriacbo Bcachaffanhoit der 
Kometen vennflgen dlajcnigen Beobochtungen xa gebep, die wfthrond des Vor- 
UbergangB vm Kometen tot Flaitemen aoagefflhrt wordcn rind 1 . Audi hlcr 
ad nor inf didge nenera Beobachtungen hingewkaen*. Wledoriwit rind nagar 
zcntnle Bedecktmgcn van Stamen dnrch Kometen wahiganomraon warden; 
immer ttdgte rich dabd, daB daa Stemllcht bis znr Hitto hln nngeechwflcfat 
dnrch den Kometen hindnrchgeht, und dafl nnr wflbrand der Bodoektmg dnrch 
den Kgm daa Ticht des l alater e u den Stern tin ter Umstflnden flbontrahlt. Dio 
Kometen rind aUo aelhat in ihran dlchtarun TaUen als yoUkommcn dnrchrichtig 
msoeeheo. Dsf&r ipricht anch der Umstand, daB ee Ida jotxt idomala golnngun 
1st, rinen Kometen vor der Stamm schribe wahrsnnehmon. 

Nnr in rinem Fall adrien dne Absorption dca StemUcbtcs wahmnhmbar 
an aeln. M. Wolf - be m g k t e bd einer Anfnehme dea Kometen 1903 IV, daB 
die Spar does Sternee wflhrend der Bedccknng dnrch den Kane tan deatUch 
geadnrlcht war; dne wdtere Untersnchung dor Ezachdimng dnrch M. Wolf 
ergab Jedoch, daB a rich dabei nm rin rein pbotographlacha Fhlnomen handoltc. 

K bena owenlg wie dne Abaorptkm knmte brim Durchgnng dee StamllriitcB 
dnrch die Kometenaiinoaphfire rine Refraktion in riche r mcfl bareni Betrag 
beobachtet werden. Wlederbolt rind wflhrend dea Var&bergnnga etna Komotcn 
Mesangen der gegenseltlgen DUtansen muhr er er Sterne vargnnnmmon warden; 
rine Andenmg des Abstandea war Jedoch nlemala mit Slchorhdt nachsowriaon 4 . 

Ana alien diem Beobachtungen geht hervor, dafl die Dichto der Materio 
im Kometenkopf InBerat gering 1st. Trotxriem ndcht ale hhi, nm daa Sonnan- 
Bcht in merkHchmn Grade sn reflektlertm. Daa srigen die PtflarUatloDa- 
hoobaditinigtai, die bri sahlrrichen Kometen anagefflhart warden rind. Kan 
hat also den Kometenkopf ala dne Anhflnfnng hidner Maim *n botrachton, 
die wir ala ho a mUchcn Stanb (Meteare) besddmen Vftmwn (ygl. Ziff. 5, S. 435 ). 
Wlbnmd die litem Beobadhtnngen* rich daranf boechrflnkcn, daa Llcht dea 
Knmntim kDpfea alleln anf Polaiiaatian sn antervacheai, Ut ai bd noneren Ko- 
metan - inch gehmgen, die Pohriiarion im Schweif nachanwriaon. Doch sdgt 


FBr aline Bri taM aiMQ tba AlaorpUon md Bofraktim wL ~rc» »nn ^n »-j A™»CT. 
j CoaBtadman, Le, 8.31ft 
■ Zom Tl*jriiil A. J.Aanuir, Comet 1900IL J B A A 11, 8. 281 (igoi); E.CPma- 
m, Xn -pyen j of Co—t 1902IL AN 161, 8.137 (1903); F.a Aaemmoto, Baobr 
”*”* 8 *P?* dn re ^ **“ dw Haixanotaan Kom o ta n. Bbaptfc 
WjWO); A.^ UmnaL, Badoeknn« da Stones 8-5 A G Lpa I 461S derail don bn 
„ riMeda 185, a 15 (1910); dan K. ScawAmcmuD, abends 183 

a 140 (19109. 

, f " AbMytfcw fm BtwaBchtM darch dea Kometaa 1903c. AN 164, a 17 

^379 (1^4^* ^■ QC P 4 k» da BtanlkUa dnr c h dm Kmaotao 1903IV; i benk 164. 

4 y«La.B.KK.BMPum>,OhnrmUooeo(tl*DHtemofDnHiiaaonclai Aetarooe 
and aaA e faenpi, a t ttcTfc—it gfWtaje Coneti89l 8ept 3. A N laft, a 415 (laptiTc/D. 
PTOK^OtiaB^wMtodefcimnetheBMaeUoeKflootofCnnet IS991;Small51, B. 17 
JOTri ftW ! D nolw i hl iii ^ gBa, die ortL eat rine eslxr e or la m HrilktU lilniriam 
brimKomn 18811H eriaUaa [Mfc^dekBoa.deFirmetd^S 
deGm4 roaft. l fr.4a . AN 103. a353 (1882)]. DoriitatUsmirdmAbriaad^ia SxMaSSa- 
** rian Btara vttnod da Vartbei^ajp pomo. 

* V|L Ifrinn^wre -Ji Tiamf ft Tn i. Qnlnkinw, a 4?it 

ii± g° i " ri,co P* 0 OhCT tiDM of Coaet 1907 d (Dina), 

Uofeam 4, a 180 (1907); W. W. Cutmu, abmda 5, a 35 (1908). 
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DfaMubman uni Ham dar Kaantn, 
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fdch immur, dafl in dor KBhc dor Saane illu Polarteation rich der Beobachtang 
oatdubt. Wlo grofl bd da dnsdnea Komctnu dor Antdl da edgoaen Lichtew, 
wlo grafi da dm Snanmbcbta 1st, wardo Us jetst debt tratcrracht 

9. Dioendonen tmd Mine dor Zomoten. Am dom beobochteten scfacto* 
beraa Darchmomi: 4 dna* Krrooten erfafllt man durcb (tto Bcriohung 4 — DJA* 
dm rcdudartcn Durchrocmcr D v Der wihre Durdimw D, in Einhdten 
doe Urddnrchmaacrn, wlnl likauns dnrch D — (601^: 2xJ borecbnet, wo D t 
dm rudnilartan Durchnusw In Bagcnmfnaten und die Soanonperellaxo 
in Solmndcn bodmtot. 

Da infalgo der nnschcfon Bugrcnmng dm Kamotenkopfa jodocb die Bo* 
Btimmnng dm Dnrdimcman 4 udir unslchcr let, so wdchan aneb die Angoben 
da wnhrun Dnrchmoemss eedbet fDr dm ^nanlnwn Komotcn itirk voodmmdar 
ab. Ein pair Zalilcnongihan 1 fttr dm rudadertam Durcbmaaer lenen dim abne 


Hodnslertor Durohmoeear doe Komatea 18111. 
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0 , 

Bopbmiber 13 

5t,9 

Jener 3 

44'4 

Ohtohm 6 

18,9—33,9 

Jail 31 

5,1 

Ohtohcr d 
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A^mt 43 
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wdtunw arkunnm. 

l r flr den Kn)iC da bellun 
Some ten IRli I wurden dlo 
in der bafguRIgten TilxDa go* 
gebanon Wurtu urtinltun. 

Vtkr dim Hounwdian Ko* 
moton 1 argelxm rich peraHnl 
mlt dan HcdllgladtncfawBnktnigDn storks Schwanknngm dee Dnrcbmaeai. Im 
Mlttd wor Di m 5'^d, Undo November dogngnD D x — 5O'. Belm HAiurecbm 
Knmotun 1 wnr ouch dur nxlmkrto Durdunwacr bd dm diwelnm Encheimmgen 
Ton onwgmpncbciDur GluichroflWgknlt (UttoLwarto ira Jibiel759: 3',9; 483$: $',9 
life 4',7\ 19il): anting* 4 f i0, spltor 3V4). Im dlgMiwInnn beam die Werto fflr 
dan ruduskrton Durcnmoaor dcs Koaiotonkqplas bel 3' Mi 4*, wu Unar dem 
10-bd 45fachuiidm Brddnrchmc mn n ontsprlcht Doch kommen, wlo ouch uneer 
Bahpjol sdgt, gologontlldh tthnmal su grafio Werto var, 

Dio Angolwn flbur dio Dimonsloa dorSchweUo rind obanfolli tinekhor 
und huwogun rick In gam vanchtorionon (irflOon. An! die Baxoafanmig der 
Lflngu dm SchwoUcs Bin don BoobnditUDgon \dnl nodi spAter (vgL ZUf. 12ff.) 
hlnguwkiun; hlrr ml xmr hervurgnhob en , doll nntar Umetflnden der Scfawdf 
gmUor Koinutun sohr isheblicho Umgun crrdcfaan kann 4 . Bd dam bcnlti ff- 
wfthntun Kimutun. 18111 war dkn nr Zdt dor stflrkvtcn Entwicklong motet 
ran wimlg untur dnor B i trroomhchun Kinholt, tmd gelagontUch orgib ddi 
mgnr dir Wert 1,3. AbnHcbu Wortu arrdchto da groflo Kamot 1882II; dir 
DumAthkIui 1858 VI hot to oil Krtr um wer l 0,55. Anch bd dar Enehaknmg 
da HALLKYBchen Knmotcm Ira Joins 1910 Obuntteg dlo SchwaUUnn im Jonf, 
nmnh dem iWhjJrinrrh g nii g , gulugentllch dkt aotronomteebo Elnbmt 1 . 

Trot* dLoner criiddfchoa Dimumdunun, wolcho Kopf nnd Schwdf da So* 
moton idgon, tet 1U0 ICmOj wlo bunita dlo phydachcn Bo ob edi tcngen or- 
wnrton lamra, duo tnfimt goringu* Skhoru llanmboetiniiiimigoQkannten 
bbcrhnupt nodi debt dnrchgoiQlnt wurdan. In swd Ffillan, bdm Lr xiTJ j rhnn 
Komotcn (i/TOl)* and bdm Korootoa Bnoon (l889V) T , dng ds Komot 
dordi daa System dor Japitamando hlndarch, ohno diO nadxwdabtfo Stdrangon 


1 Midi J.UttmoiB (Ana. 1 , B.439), Abh.ni, m 
~,Hamoosr, Abh. V, 8.40. 

, HouRsaumi, Abh. I, 8. 593 566, TV, 0.333._ 

f§L wiwlna die Ultanaduinga tod J. Botraam, Anm. 1, B. 499. 

* J. Houboiii, Abh. IV, B. 333. k , . _ _ . 

• U.J.Lmun.TModa dote oooUeptelodlqDD del 7?a Aaala de l*Ota. do Fade 

^Cn.Luts Poo, Raontaa ipo* Comet ittpV, TdflllL AJ 13, B**77 (t>W)* 
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Kip. 5. A. Koptfs Koroaton und Hcteocv. 


ZUL 10. 


in la Utaram emg et r et cn Bind. Laplace 1 benutxte femer bcdm T.Tcxn.Tjrhrwi 
IfnTi M t m den Umstnnd* daB in < ^i * n Erdnlhe W4nwHwl Einflnfl enf dlo Bo- 
Beg nn g tmseres Planeten w *fa T i n TTwi T ! Tiwn war, ™H berachnote hieraiu fflr din 
Mun dee Knmeten einen oberon Grenswot von 1 f mm da Erdnuuna. 

Einen M— eiiwcil van grflBera Sicharheit varmochte J. y, Heppemke* 
brim Btet Aachen Kama ten in ennitteln. Wo banaita frflher angeg o b uu wurdo 
(vgL T3SL 4, S. 433), h** differ periodische Kosnet w dcm PerthnldiirchgHng 
van i846 dbc TeUang erfahren nnd nnmittolbar nach dloHr dlo 1x3don 

Tdlknmwtwi rirh In flrar TVwg i i ng gwgmwdtig fl—tArfr- J. V. HlPFKROKH konnto 
hlacMB gentherta Worts fjkr dls Kometenma aen gad fand hicrfftr Am 

Wert 4|2 * 10" f In TOnhdfpn da Enfanaae. Za einam flhntichen Wat knumrifr 
C. V. L. Chaetjct bri srina frflba erwflhntaa. Uatcwichnng 1 fiber din Doatang 
da BewegnngaanamaHen befan Knmeten Emcee, Er ahfilt due Komotenmune 
von da GrflBe 13 • 10 -i da Erdmune. 

ScfaHeflHch rind bier noch xwd wdtere Verroche da HaaacnbeBtfanmung 
havanaheben, die van andaen Grnndlagen enageben. Da onto Vouch lit 
belxn Knmeten 1908EH (Mobebouhe) van H. Romar B EEQ 4 durchgafflhrt und 
Btfitst rich oof spcktialpihotaniotriBche und phntnma fr Whii Beobechtungen dee 
Kamctenkopfea (vgL Ziff. 11). Nlmmt man on, daB die ebuorinon Tcdlcben dee 
Kopfa rich weda gegenadtig bedecken nnch ridi beahattai, eo ergibt rich am 
da weriwnMK gtaJt dne Bedrinmg xwiachen da GrABe dcs dnxelnen Tdlcbont 
und da Anuhl ella Tdlchen fan Kametenkopf. Man hum aln untar gewbun 
Aimahmen den Ramninhalt da Geaamthdt aller Tcdlcben Bowie die Geaamtmame 
heridten. Unter naheHcgandm Amuhmen flba die GrdBe nod die MeaendJchte 
da rfnxrfnen Tdlchone kammt Robkxbxkg iu elna Geeuntmaae dee 
von M •- 5.8 • 10“ M in Kfaihriten da Erdmaae, wfibiend drh unto wahnchdn- 
Hdi c n Aimahm en flba die Albedo ein flbahanpt mfi gHchw Maximahrot van 
17A* 10 _l enrfbt 

Ana ihnflchm flberiegtmgca henna hat dann Schwajbbchild* voaucfat, 
befan Halley achen Koine ten die VahunandichtB im Scbweif enf Grand photo* 
me tri ac hrr D a ten acbUxungBwdae u beetfamnai. Bel xwd vecaddedenan An- 
n abm en flba die Grflfie aa Trilchm knmmt a fflr dim B ntfdnm ng von 
0°,5 vom Knmeten xa mittla sn Schwdfdiditen von 2-10"“ bsw. 4* 10"“ 
im CGS-Systam. 

O barina t fanmen d ffihren also aHe dioe Untervochungan sa enfloro r dentHch 
geringen Dicbten fan Kapf und Scbweif da Kametm. Dtdnrch wild, wonuf 
Ida noch m a l a hiugoelaen aefa die Anffammg ganx wcaentHch gatfitxt, d«n 
die K > ki t ten mlt den Melecuou verwandt rind; Hrrem Inn sen Aufban nnrh 
woden wir ale a la dn e Anhflnfong von M d wnr wq unffamai 

10, Daa Spaktmm da Kcnurtan and K om et enachweife (iltare Beohach- 
tungen). Die flllfacu Beobechfamogyeboi— rind lAm wiedeAolt a na ammen - 
^ 1,aen d dargeateDt warden*, bo daB rie Ua karx behandelt wor d e n kflanan. Sle 
beruhen fat nur enf vkaeDen BeobBchtm^en and baben borits eine Rribo 
abachUeflenda Ezgebnlae gebracbt. 

Neben dnem mriir oda weniga stark anagriJldeten kontfainlBdichen Spek- 
tmm, des In grofien E n t f e mu n g en von da Somw nTWn auftrltt, srigen die 


J Latica, M An aalqii fl o fleato 4, & 230 (1805). 
1 VgL C. V. L. Cnmn, Anm. 1, 8.433. 


1 VgL Anm. 2, 8.433, 


I SiAp J JO, S.^7 (1909). 
a.aaw uaam) and K.Xaav, A nm . i, a44a 

m Vfll T ** - t\l. a_v_i_1 _ « • _ _ 


fafL Anm. 3 , 8.436}, 


dar Gattna. Lriprig IB90; Baxmaan- 



Ziff. 10 . Du Bpoktnim tier Knnoton unri tfamotoDMhWfo (iltsra Boobachtanfen). 445 


Kmnotcm oin charaktorlAtischca Gaa sp c klru m. Im vlsaeUm Tefl beflnden rid 1 
droi Bandon im Golb, Grfln tmd HI an; xahlitdcho W uihi(|m bd vandilo- 
Hnwm holkm Knmcton mm don Jahnm 1874 Us 1884 argoben sb Wttol- 
TTOfte 1 fftr dio Bouden lcflpfa dks WcUonUngen 563°. 5466 nod 4719. Dio AlmUdt- 
kdt don Komoturwpoktmmfl mlt dcm ana dctn Labontortom bekajinton, nr- 
sprtingHch KohlcnwB»onrtonvcririndnngiHi sagcachriobmon SwAXachm Spek- 
trum 1st so gmfl, dafl dnc IdontitAt yon vornbowdn angenommcn wnrde, Ver- 
achiodcntlLch wnnlo dkacn Spcktmm drnm yon —tmno mknW Seite anch im 
XatxHutflriam nntonmcbt and tmtcr aadermn bairn Loochton von bo* 

obechtot, 1 H 0 bdm Kridtaen von Matcoratcdncn fid wardan*. Frdllch kmnhn 
ouch nllo dluso Vinucho kdno Ent- 

achddung flbur (Uo IXratung doaSWAM- Hmsptllnloo Im Komotoaopoktrnm. 
achcn Spoktrums brlngan, 

Dnfl as rich balm Karaotonspck- 
tram in dor Tat tun dns SwAxacho 
Spcktrum nntl nicht tun das Kobkm- 
oxydspoktram handdt, guht noch ons 
dmbadgcgiibononZiiflaininuaBtdhiiigckr 
WdkmUntfpn dur dnsolnen Grapprn 
hervor 1 . 

Dio WaUanlOngD 4361 fflr das Xoraotcnspuktram wards ans dm spltcr sa 
bcaprochcndan phutogiaphlichm Spcktralanfnshnum hcrgddtnt. 

Nubon (tioKm narmakm Kome tcnspoktnun trotm bai dnsolnm Komntnn 
abwafchoodo Spoktralanuhoinangan oaf. In graDar ScranennAhe rind bed. hnlim 
Kamo tun wk«lcrhult Hobdlinkm bonbeditot warden: bd dm beUan Komotm 
gogan ICndn dos vnrigan Jahrinmdart* (18831, 1882II n. a.) trabm NarUnlm 
am; Imlm Komabun 1882II andi hollo Fo^Llnian. Dock wnd die Rkhtlgkrit 
diamr lotstonm Boobochtungnn noaanUngs stark ang u sw rifa lt 4 . 

noch dor hollo 
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6188 A 
9635 
5165 
4737 

4381 


G 0 T 9 A 
5610 
5198 
4835 
4511 
4393 


Untcr don nononm Komoton cllnwr Art 1st 


hollo Komot 19101 


an orwflbaan; nnbon don Kohlubondon wardon hiar die Minim, D x and D % , 
buobaditot, doron mnauo Logo each mif photagnphbehm Anfnohmm wnn sa an 
wen Ion la mil to*. Aon dun vWHtnhuodon Bootachtnngoo gbht suviol hsrvur, dafl 
in dur Nflbo dur Sonno, dumb doron Wflrmo, Todo dot Komotm in gsslflnnlgm 
Znstand Qburgi'hcn. 

Anf dan Jamtlnoiadlcho Spoktrum, das tmeh bmafts visaafl, boobachfot 1st, 
wird im folguukm Alwchidtt nooh atairaflnhm min (vgi. S. 452). Mhor nahm 
man durdiwug an, dafl os rich hlorbd lnchgUoh am nrflaktlnrtaa S on ncatfa h t 
hnsdolt, liaeondum (laschrafrih (balm Enmotan 1R74III Cockha, 1881X11,18821 
Wills u. a.) FxAUMiionancho Iinkm wohrpmanuDaa warden rind. Abar enoh 
an tar dan Altoron Komotm knrnman bated ts FAllo vor, bai doom rin plfltshchor 
Iicht&iisbrach mlt door starkan Zanahmo das kont hnri a ri fa hm Spektrmns war 
bandon 1st, so dafl man ruraordlngji an dor Annebmo ndgt, dafl onoh dos K lg sn- 


1 VgL J.SaiKnnta* La. 

1 VgL Bom and am Mgadw nob H. KA 
&190O. (bos, tL 223—033)' 

Usoon Fllhn 


Handbndt dor Bpaktrorimpie, V, 


Komot; 18681 m. a.), erf (Uo A.Fowua [MX 

.m BvAMHfcoa Bprirfran 

Dmriririrt. F, BALiate 

dm 


* OHIO f.JMUm. AflBI. D-IW. _ _ 

1 W.H. Wanarr, S p o ot nsoop. Otaorvmtians of C o m ot a 1JU0. IiokM 1 8,179 
( 1910 ). 8 , Aumonr, Riotofnpks al tho D-Bogk» of tho BpKtrwa ad Cmri s lptiL 
St 8. 183 (WO). 
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Kap. 5 > A. Korn: Kometm and Katun. 


ZULU. 


UdhteuiM Tf nmul wi riaa lifil hnA w tirthu Spektrum idgBn kBlUl. Dio bokaimtOStCD 
ttimi FU3e it Ait der Komet 18841 1 mid dor Hommcho Tf*™* 
1892 m 1 . 

Dai Spe kliimi der gomet aia chwcUo war vtaueII dar Beobachtnng nur 
ac h war sugflnglicb. Mdst muBte man alch ndt der FcrtatnUnng begntigon, daB 
do* Scbwm In der Kibe dei Kopfea daaelbe Spoktnun wle dieaar letstoro ledgt. 
Der Anfban dee Sc h wi ihe and die Leach tbedlngungen rind also 1m wcaant- 
Heh*n ftfawThm wle brim Xoxnetenkopf". Anffallend 1st dai hAnflgo Anftretcn 
Aw ti wii n nUtiAim Spchlrm na balm Eamstanachw^f. 

11. Daa Spektrum dar Kamalau und Komataaachwelfe (nauara photo* 
graphleohe Beobacbtungen). Daa Bxgebnia der photogrvnhbchen Aufoahmsn 
dar Kometenspektren war raent dn aehr apArlicbeSj wall man ndt denaelben 
Spek lru graphm irbdtete, die fb die Sterne banatat warden . Era t ale man 
sum weuen Spelt oder sum epaltlneen Spaktrographan (Objek tlvpahm a) tba- 
ging, w arm wichdge neoe Higa bnlm e m vendcnnen. Lotstoro bcecbrlnkan 
dch aEffdingi 1m wawentHchm anf die Gewiuuung von neuem Beobachtunga- 
Tnatfrinl, und aoch Uer 1st die Ambeute nlcht gerade grofl, wdl mrffolTwnHn 
gqmc taffl c hrinnii g en In den letsten Jahnehntan tut gans fahlan. Am wichtlg- 
sten aind die hddm Kometen 1907IV (Dun) und 1908 m (MobkbodsxV 
die hchtstark gang w arm , um alne Anzahl von \m pbotogruddacn 

wlrlminm TaEL dea Kemetanapektruma erkennen su Dar HALUtvache 

Knrnrt beatfttigte im wuentUdm die bd dan balden genanntan Konutan er- 
haltanen BeobacfatoDgaargeb cim e. Man wird sich .jedoch bOtan mflaen, die bd 
dan wenlgui Ua Jetst photographlerten Kanetn^aktrui gewannanen Raul- 
tata ala' abecfaUeBeod nnunil ian- DJe Erfahnmg hat Inunar wieder ganlgt, 
dafi die TTnnMiwi trots aOea Gemdmmen doch ao stark varschledeoa IndivldoaD 
rind, daB man down Eiganacbalten nlrirt anl eine knm Formal su bringen vur* 
mag. Die folgendan Anaftthnmgan «nwi dch mm im n um tHeium prf die did, 
soeben hervorgehobenen Wanwtwn beachrtnkm, fb die alne Anahl von dunk* 
te ri a tlaeben TWJMrfi iHii ^ i g ii iailnnni wngirfBhrf ^en 4 . 

Banden- und Llnienapektram. Znerst ad ala Belaplel die audShdlcbo 
Zuammeorieflimg wiedergegoben, welcbe aHe beta Kppf daa Kametn 1907XV 
am Lick Observatory goneuenen TJutm enthUt*. Die Au£nahmen ffad ndt 
dnem Elnprlanenspdctragraphen und wdtam Spalt dnrchgdflhrt (vgL Abb. 3). 
Sle hfriahnfi alch nur aid den EcaDetmikppE. Die an inUschen T Jfji t/ puJiwn 
memeneu Wellmllngqi dnd nach Katseh nnd Run os bdgnftlgt 

Die n ac h s ftihfflrin (S. 448). ala Bdspfd gqabene Tabdle sdgt, daB die 
Hanpttdb dea EametanUehtei dam a^ WnhL> ti«iH doe 

Cyana uipihh ai Du Lenchten da TTnmw+wn ^ iwf Am JtTfrJg w der 
Sanueuwiiiiie frdgewordmen TTnT.b«fcnfF bsw. urfnw VerUadmigon surOcksa- 


11 n. 


wb G. Ufiun nnd E.aVo«B. In AN Bd. 107 *- 101 (1884). 

- wn J, 8mb.ii u, W. ’W, CsimiLL, In Astmiaomy nnd AitnnMa 
12 (1892-1893). ' 

4 VjL dto " 

4 Kmmttop fct dm nttl 

eefatntai Vtm Wnnsiifclmi, and dana Dnatnag doth - __ 

P. BAun, B^hncdas sr la eonstttaUon da oamtai at aar la KHebai dn oailm-fTbtam 


lannuaw. Com o tiMi i uiiimi . S.68B. 
da vkufl and ima. 


5 a 

IU lit—tar abnr dm Biusndbm Etmatm kt aneh saaun^Martdtt In FabL td 
Akrm. ad Astzuplqpa, Soci ety of Amww ^ s. 177 ( 1915 )! 

1 w. W.CAsmau. TboflpeeWnm of Comet d 1907 pan), IAABall 3, S. 31 . (190Q. 



Xirf.11. Du Spaktram Oor Koaetai timl KinMbanohwdfi) (nncnBeofauhtmigoii), 44J 


ffllimi 1 . Iin Spoktnuu (to Komoton 4907IV ist ferns* cUo rota Cytabenda 1 tmd 
(trots tier groflon Entfonrang voo 0,75 ostromxnncboQ HJnhdtan too dor Sarme) 
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Ksp. 5- A. Kami Kisnofasi tmil Hotocrc. 


Spaktram das Komatsu 1907IV (dnrcb Spiltipoklrogrtph). 


u-t 



3855 

385546 

4. Kopf d. 3 . Qf-Bando 

380a 

3867,6 

386146 

3. .. » 3. 

3870,5 

3871,54 

X „ 3. 

3874,1 

3874,33 

stalks L. 3- 

3877,1 

3879,7 

387943 

Mittal sin 6 starkm L, d. 3 . CN-Bd. 

38824 

3883.55 

1. Kopf d. 3. CN-Bsndo 

3890 
3990 
4003 
. 4014 

40204 
4039,0 
40433 
4050,9 

405140 

Starks Lfaiis dor X CN-Bude 

4053,9 

40653 

405345 

II M II X II 

40683 . 

406943 


40743 

407349 

»i m i. x ,, 

4166 

416544 

Mittal us 3 atirkm L. d. X CN-Bd, 

4169 

4167.77 

4. Kopf, X Qf-BOndo 

4180 

4180,98 


4185 

418544 

Mittal u 2 iL Llnkn d. X CN-1M. 

4190 

418943 

.. >■ 3 st. ,, d. X 1 , 

41933 

419343 

Starks Links dsr X CK-IMndo 

43143 
4378 
4393 
4397 

4304 

43118 

43144 
4335 

4316,12 

1. Kopf dor 2 . CH-Usnde 


4350 

4364,5 

436541 

3. Kopf dm 3 . Kohls-Bswta 

4371.3 

4371,31 


4380.7 
4397.3 

4403 

44134 

4419 

4440 

4453 

4486 

4537 

4589 

4670.7 
46774 

4381,93 

!■ h 11 3* I. 









. 

4684,3 

4684,94 

4, Kopf dm 4 . Kofafc-Bsnds 

46974 

4697.57 


4705 



47144 

4730 

4735 

471541 

X ii « 4. H 

47304 

4737,18 


5130 

513046 


5164J 

516540 


5539,5 

554046 


5383.7 

5585.50 


5634,1 

363543 

!• u .» X u 


Ziff. il. 



Ziff, i l. 1 tea Hprfcl rum tier Koroetoa and Kwnoteaacbwette (iwin Beobeohiuegw). tfg 

aoch die D-Tinlu doa Nm bcobicbtot warden 1 . Derwbec trotaa, vlo bed dm 
aodcrcn Kanutian, dun Redhe mabokarmter Stniblangm auf. tmd es 1st bomerkcD*- 
wert, daU sokho unl>eknuote Strnhlangon rich vor alkmi In dm Spektrcn dor 
Koraotenkzxno vorfiiutan 1 . 

Von Iwrvurrngwulran Wurtu rind firmer dlo bd dom Komo tcn i907 IV erhai- 
tunen Miwoingun von J. Evkihhku* dio oboniUli In obor tabdlariachcn tJbmv 
ridit gfgtdxm «dun. Sic grQndtm rich ira Gogxmtz xn dm vnrigon HcMurgcn 
uT Aiifnabnum mil dor lVixmcnkamera and lkrfcrn nohan dom spuWmin dm 
Kopfm nnch daw Schwol fapoki nim, Die Boxtimnnu^ der Wol kmlfl iyn iat hfir 
imttoilch wowntllch onricbuitir ala verhor. Ana dor in dor Tabolie angegebmon 
Schweiflilngo urkacmt man mfnrt, wolchm dio atflrkatca Union im Sctnrdf- 
qwftrtrani rind (vrL hfcrxn aacb Abb. 4). 


Hpektruro dee Koaataa 1007 IV 
(dmrah Frlmenkaoue*), 



Im Srhwdf den Komotun 1907IV rind alao vor allcm drel krt£t%n Strahlnngm 
vurhandon, Iwl A 4015. 44260 oiul 445 5J. (Ho nach don Angabon von J. Kra- 
Biaai Im Kumotankojif ntboxn gnns fehhu. Van bacoichnot dot Spoktmm alt 
H ScbwolfKiKiklrum M . 

Kino wichti|p Krvwi tuning halxn dkao mm arstoomal gomachtaa Boobadi- 
tnngon nodi (torch dlojonlaen von H. ChrAtibk'* erfthron. Hit don grflOarm 
opdiichon Hllfrmlttuln (Objuktlvprlama am 18 cm-Batndrtnr) arigtsn rich die 
did von ]tvuK8Hia> vurmamun Bilndar Im Sdnvdbpdctrara voraoppdt We 
WotkmULngon dor drd DoppdbOndt* rind nach Chkotoh: 


4012 A 4258 A 4505 A 

4030 4375 . 4542 


i LmvtflOtaHuU a 8.15 (HHIb 1 P.Bauhr, La & 39 u. 55. 

1 I. lEvnann, The Bmotrua of Oomot lp07 d (EUxm). V M 48, 8L id (1907b 
4 fc. CokAtw, Bar la oonrita Damcb. 1907 d et mo qaefra CH 145. B. 549 (MW)- 

w indi m mow fcj* iv, 39 
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Kip. 5. A. Komi Ktanatsn und Uotsore. 


ZULU. 


Slue b ri m Knme tm 1907IV erhaltcnen Eigebnioo wnrdon dorch den 
Komelen 1908IH im wesentHclien beatfltigt 1 , dereen Iichtentwickfamg benander* 
im photD gBphhchan Telle Spektruma leg. CN- und KnTil^ iwW woron 


■7 *■ IJx. rKVF- 



Abb. 4. Unmet 1908 HI M umuw ). Aifiahne ran A. nxu Baum* Purraun. nd 
F. Balzxkt mS± Objakttvprina 1908 Obt 18. 


wleder fttr den Kmnetankopf charakt e riat ia c h . Im Gogmuntx mm Kane ton 
1907IV achfen hler inch die ante GN-Bande angedentet, wfthrond die xwrite 
fehlts; fcmer war Us die fftnfte Knhlehandn nfcht vurhindeo. Im Schwrif- 
tpektmm tret vieds die obon angeg eb ene tmbakaimte Strahhmg not Dio 

Bp.ktr.rn d.. Bohwoilo. d„. Ko..t»n 190S m. dim 

Mai in via: Spoktral- 
berdchen an fct- 
■chiedenen Obaar- 
vatorien. beobachtet 
und venumon. 

In dor nebon- 
atehenden. Tibollo 
rind die wichtigeten 
Wellenlflngenbaitirn- 
mnngen maunmen- 
geeteDt*; die bhno- 
g effl g te n Mlttriwerte rflhnsn vun A. Fowl** her. tJber die Latoatorinnia- 
daten dor letxten Sprite wird noch writer tinton an beridrtan. arin (S, 455)* 



47143 (5) 

4716,3 

UMnrt 

4715.1 

4714,1 (3) 

46903 W 

4690,7 

46893 

46883 6J 

(4570,5 (5) 

45703 (3) 

45703 

4570J 

45693 (5) 

|4548,1 W 

45493 W 

4545.9 

45473 

45453 (6) 

(43753(14 
142353 W 

42753(10) 

42763 

42753 

4276J(lrt 
42523 (8) 

4254,9 (H) 

42543 

4354,7 

(40213 W 
1400*3 W 

40223 (8) 
4002,5 (6) 

40313 

4002,1 

40213 

40023 

40213 ffl) 
40013 (6) 

39133 (7) 

3914 (4 

3914,1 

39133 

39143 (9) 


1 VgL W.W.Ciamau. and B. AunonR. The Spaotnun of Oomri: 01908 (Mnaiam— )■ 
Ap J 8ft a 84 (19091; I. MQh abada. 30. a 271 (1909). 

■ H. Dmabiih . A. Bnaani tt J. Bonn. Cocm^fcngit it ihmnd Am ub m cvikx m 
taUm k KndcM mx b o nmto Hodbuwi. CH 148, 3.805 (1909); laah abaocb 147. 
a 774 n. 951 (1908); W. W. Ciunu and a Aumar, Torifa Ana.; H. D. Coma, 
apio tr ofr. ud Fbofeap. Otncratiaai td Cnm a fc o 1908 (KmsDoax). LUc Ball 5, & 135. 
(1909). 


Ziff. 1 1 . Dm Spcktrnm tier Knnoten vul Kacaataaachwdfe (nouoroBriMchtffw). 45 j 


DfuSpektrumtki 
Kamutcn 1908 III ht 
Usondcm uinguhrnd 
vm l f . Bauikt 1 mi- 
tdimcht. Audi bk-r 
■rigan cUa Aufrmli- 
mc!a mit dum Olijck- 
tivprhum die duiruk- 
tamtliclhqiDiiUiit bi; 
•bar Bajj>KT varmay 
ncbifi dun hordtH cr- 
wfthntcn fchtntarfcon 
Handun rim Schwif- 
ipaktnuns idnu grfl- 
fleru Anxnhl ( 31 ) 
■dnvflchant xu vu> 
xacmai nnd riu dun 
Scriniftaialxcn vtin 
DttLAunma utiMn- 
ordnuxu Honirrknux- 
wurt \At nnch, dafl 
brim Knmutun Mo hx- 
nnURK din k*tfolfatra 
Schwolfwolkrn nlwo- 
ftlb (Ian typbehn 
SchwnifHiJcktrum tx*- 
BaOtfi, und duli gc- 
kguDtUch lm Schwoff 
dki nugaliw Ciruppu 
dn StlckHtofln nnf- 
trat. 

KImi flutu Vur- 
rtrihmy vmn Aim- 
irhun (fa* Sjxdctrnmi 
vnn Kinif uwl KcUwulf 
dnui Kmnutun glht 
din KluontlliidHi l f l- 
gur (Aid*. 5) dm Spuk> 
tnun dm Kfuitattan 
ISHi V (Ji hooka), DIu 
« im VurgWoh bui- 
guRolxwii SiwkLron 

ind xunOdiKt din 
Bandomqxiktrun von 
Kohlo und Cyan nr 
don Knurtonkout; 
fibs daH im Lnbo- 
ntorlnm odudtcnc 
Scfawdfiqioktniravgl. 
3.455. 



1 fUofco Ann. 4,8. 446 1 .A.VUBaums Flovisa 1 . F.Baldst, 8p*otrmin of Chm£ 
Hamtaam (19000). ApJ J4, 8.89 (1911). 
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Kap. J. A. Kom; Kamatm oml Ueteom. 


KKf. 11 . 


Bofan HALUtachen Kamatm 1910II, daman Spoktrum krino wuacntllcfa. 
noiian Endhdmngm idgt, 1st cine achwadm roto Strahlong bei 1630 bia 610 
nnd die rote Cyanbande Wlederum bt In grfl floro r Eatfanung von 

der (0,69 aitr. fflnh.) Na m erkamsiL Im kmrHnnifriichqn Spoktrum dud 
FaATJiTHarxBache Tinian wabrnahmbar. 

TOnw wkbdga Untmuchnng flbar daa Spoktrum doe HallsYK hou Kometm 
vadanken wtr H. T. Bobboynhovt 1 anf Grand der Aufnahman am Yarina* 
Oheerratadnin, die xnit Tfllfa dee IflknmhotanietqrB anagewertet warden. Zn- 
nMrhat f m flai ana dan SchwflnuDgm ale nlalivm Intmaitfitsn der doadnoa 
nwiiww h w n iMriTimn fULW dee Kometeokopfea emrittolt. Nobon don KnhU . umj 
Cyanbandm tritt nodi dne Grappe van KnndnnBBHonen awbchen X 4030 mid 
X 410B anf 0m TjhmtiwinTn von lUmrr gefonden), dlo C + H sogoechrlobon 
wirdm 1 . Die monndiroimtiadim Bfider aeigm In dor IntendtJU idtllcbv Vcr- 
ftadsangm; diejenlgen der viaten Kohle- tmd viertan Cyanbando (3 4737 and 
1388)) dud anf der belgefflgten Abb. 6 aiitgctragon. Dio Strahlnng jcdoe.rio: 



Dm. Aar fkk urn MA« Af*ti AW «Am/ 


Abb. 6. T^aWiYrtiriB'iinwi <br In i—Kt t daa Kometanbopfai baba Koma Uai Hallkt. 
Db iriallfwi Tat—H I Ur bmaboa riah ami 1909 Tbnabw fab 1910 Jmni, am mar • taf 
CIY, + uf CNIY, db gobibbelts Knrve uf <Jb Aanolnan, daBiiblntandtU vnn cefbfc- 
tebm SQaaonBobt alWa berrlhrt. 


faddon Knotm bwhdit aua der nvwinrhmrai Strahlang tmd dariankun 

dea k mHnn l ffrlkhm S p e klruiu a an dleaer SfaJin. Lots term kann von rofloktior- 
tam SmnenUdit tmd ElgsnHdit haTflhrm. Der dom rofloktlartm Smnon- 
Hcht angehar en de M dc Intmrittt faint dan Goeota !■/,: 1j*A% nnddkber 
AntaQ 1st in aebam idathm aaltHchen Verlauf anf Abb. 6 durdi dno goatridiolto 
Knrvo angeeebm. Die AhnHchkrit dea Vorlanfm lit anBarardanUlch bom u r ku ra- 
vrert* Er selgt, dafi man dom kootintilerUchan Spoktrum bat dim Komotm cr- 
hfihte An f i w r W—mWl f Bi nnilm mnfl 

Kontlnnierllchca Spoktrum. Enbgmdiend der AnlbMing, daB dor 
Kmn e t wadgatem In grflflarei Eatfnmxng von der Sonne in rotiektkrtan Sannen- 
lldit Imefatst, hat man daa kmtinoiertkhe Spok trum molet ala Sonnenapoktram 
gedentet DaB man erium frtlher hterbei anf SdtwJodgWfcm atiofi, bt bendta 
anf S. 445 h e rage hoben. NenarcUiinhat mmBaHBOvmovv daa kontlnnlaHcbe 
KniMtoibpektram wleder dngduaer nntecsocht. 

Bam HAXjJYadaai Knmebm 1 u nt m rhwirt e t <r «wb! Typim ynji kontin"*" 1 ^ 
Mefam Spcktren: dm Sonnc nly p<n (K i iiTim m bell 4700) und dan vlofat ten Typoa 






Ziff. 11. Da Bpektran tier Kaaotan awl KmMlenadiaife (amen Bnlaflhbnga). 453 

(Mmdrpnni lid X 4000). Ihr Auftrotm 1st an (Ik Entfcrnnng dca Komotrm von dir 
Sunno gobmulcn; dne Andcrang trltt bd dir Grensentfonroog r “ 1.2 astr. Kinh. 
onl. Bet klcincren Entfuniungen 1st dcr Son nen typos bcobachtot, boi grd- 
fleron dcr violottc. Dcr Sonnmtypoi 1st chirch ruflakturtos Licht cncngt; den. 
viuluttoi Tyjira clmlct Bobrovni so ff ah Hmircncnscnchcinuiig, F. Balwct 



■) i*M HI lf«wr, 14 wol Hn*r l«l, 4 1941II Km, d} t»ll IV Bnu«r. 

Alik 7 . mkrpphihi—Ma afc p Kogfartri nm afi n wo gome t— poWwn. 

lfihrt adn AnTtrutm au( mnluknluru Ztustreunng uirOck, El no pUKitkhoAndanmg 
in kontimricriichcn Spektrum lit balm HAUSYSchon Xcmaten 19^0 Mai 24 bcob¬ 
achtot. Gki obttitlg mlt door ozploilonaftrtlgsn Auadehnnng der UmWUhmgm 
dns Kurnes Int dim aftnbHcho Abnchwichang des violet ten Tefles da kmtbnnar- 
Hchun 9pcktnm» ubi. 
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Vmjk. 5, A. Kamrr: Xamstea nod Hetaars, 


ZULU. 


Entf ernmng der flobwelfpnnkte des 
Kometon 1908 1H tod Kometen- 
kopf bol Abb. 7. 


Km 

tan 


At 

1 

0 

0 

0 

2 

0,5 

2.1 

72 

3 

1.5 

6.3 

XU 

4 

2.5 

10.5 

369 

5 

3.5 

. 14,7 

507 

6 

Sfi 

21,0 

861 

7 

7.5 

i 31.5 

1100 

a 

HJO 

. 46,1 

1579 


Im Anschlufl an die Untaamchnngen da Spektnma doa HALL STBchon 
•g-^rrw^n hat N. T. BoHaovraow 1 die SpektnlimfnahPien dea YgkcS ’Obarv ar 
tnrfnna fftr dne Hdha vrri Ici er Kometcn mlkiophotometriach anagewertot. 
knrh kw treten wleder bed dan wrachledcnan Kamo tec die bdden Typen von 
kurttnukrlichm Spdctran anf, derm Charakter dnrch Vergldchaaiifnfllimen von 
Stamen fatgdegt 1st Im Dnrefaadmltt flberwiogt bd Entfrmnngra untor 
0,7 astr. Finh. der Scamentypns, bd grflBeren Entfmnungen d tx vUlotto Typo* 

Znr EriAnternng mflge noch dlo bdga- 
gebems Abb. 7 dknon; alo cntbfllt nobon 
gqniBteDip cktnm yon Stamen nnd 
idgt ffkr enters die Dberiagerung doa 
kontinnicrlichen Spektruma dnrch mono- 
chromadacht) Strahhmg. Von beaondcran 
Interem 1st die mlt a besukhneto Hogl- 
rtrlerung doer Aufnahmo doa Eometcn 
1908 m (Mohxhouhb), IHr die noben dom 
Kometenkopf sudden der Schwolf untor- 
indit 1st Die nntnrdnandff angegebonon 
KnrvenbealehendchanfdlelndarTkibdUo 
bdgefBgten Entfemangon vum Kern. Man 
orkmnt dentlich, wlo dlo monochrama- 
tfadam St rahhmg ea da Kopfa im Schwdf varsd i t dnden. Dea kontlnnloriicho 
Spektnnn hat Im Kametenkopf and in den lnnerai Schwdf portion ansgcqprochan 
ylolettm Typo*. Nach «TifWi fain gdrt daa kontlnnkrikhe Schwdfapoktmm In 
<V« finrmmty pm fiber, dwm deb die nwnorliTTniwtl a di an Strahlnngon fibadagum. 

Hmxnheben rimi »*n«flKrh nodi die Unterandnxngan von H. Howar- 
uno* fiber das Spektmm da Konwten 4908 HI, die gfrichfallt vunuchen, an 

dner Spektralphotomotria da Ko- 
metenllchta, var aflam dm kunti- 
mderilchen Spektruma, vonndringan. 
Vearglichen wild daa Spoktnxm dea 
Kom ete nkopfaa mlt damjenlgan von 
a Lyres, doa gtoteharitlg anf dioeolb o 
Hatte on fg nrmTTtmwn Jat. Die Ergob- 
nloe warden am boitan dnrch dlobd- 
gsgebene Abb. 8 ymanachanHcht. Dlo 
Knrve (Abb. 8) glbt don Variant dor 
Unt—driedo der Helhgkelton fftr ver- 
adriedene Spaktralgotteta In Grflflan- 
klaaen. Zu shannon 1st anch bier, 
da fl die Int end tit dakon tlnnlerilchBn 
Spekimma nach Vlolett hln stark an- 
stdgt, starker soger, ala dim bd don 
written Stamen der Fell 1st 

Die Dea tang da violet tan Types 
da famflrad erffrhm Spoktrams 1st 
nodi swrifdhaft; a wnrde bento 
her v aqpahoben, dafi men aowohl an Flnoraagaatrehhmg ala anch an mnlhkntare 
Z entr o nnn g dentan kann. Dte letatereArniahme hatELRoenranabemitit, am 



Abb. 8. V«_. 

1908 IH not m Lyme. Dte Karrs |lbt da 
Uabnabtad te IntaaUUai (Z, JJ in 

iftri 


1 X. T. BaonDun, On tbs 8ps oti * of Const*. Ap, 
1 H. i mnuiw , Tbs flpsotmni td Comat 1908 o 
(490«. 


66 .B .439 ( 1 W). 

Ap J 30, B. 267 
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dlo bcroiti frflhcr (Ziff. 9, S. 444) angagdmnen HBhcrungswertc far die Kometnn- 
iucun IwnmJdton. 

Laburatoriumnvorsucho 1 . Du tibuTaschcndito Ergebnh der xwmn 
Bpaktntfkopliichen Untcntuchuugiai dcr Koine ten war xmdfdlaB das Anftretan 
dnar Ixnondarai Stralilung 1m Korootonachwclf, dlo dutch dk nun Tdl ver- 
dap]»lt aaftretawkni Haiuhm cbarmktafcdart 1st. Durch olnen gfarkHchm Zn- 
fall gdang eine tuhr nucha Aulklftrnng dlaser Enchdnung. Die Varsocbe too 
A. Fowler 1 sdgon, ckdl dkndUan (jano, dlo untar hflhcram Drnck dan normale 
DaDdcnspektmra dcr Kobki (Swax aches Spoktrnm) ai songm, Irnnuir dann lm 
chnraktiriMUacbun Schwdlspcklrum kmditcn, wonn oar Drnck stark roduxknt 1st. 
Dei dm? guringen Bdnrischung vim Stklntnff tritt sogldch dk) Sticksinffbande 
X 3914 oaf. Fowler arbdtnto bd nolnen Vcsmichan mlt Drackai van 1 / ]M mm 
and damn tor; win gat dk) von Ihm arbalhwn Sncktrwi mlt donna dcs Kometon- 
acbwdfifa flbcreinAtimninn, sdgen dlo 5.450 In nor lotxtm Spalte der Tabollo gc- 
gebuoun Lahtratoriuiaswartc. 

Die labonitirrlimiKVUimclio A. Fowlers warden von vtndriodenmi Sdton 
wdturgafOhrti in grflQcrara Ansmofl vor allom von F. Baldet*. Letstmr bringt 
Kohkmuzyd bd vomchicdonan Dmdmn an ter Banatxung dnar GUhkathnoo 
sum Lunch ton. Bd doom Drnck vim 0,7 mm tritt dn doocs Spoktrnm dm 
KfjhkmuxytlH auf (F. Haldet liu(),S, 96); amt bd vial geringamn Dracken — 
bh hfTuntcr su 10 4 mm — hit dann dn Spektram wahrnehmbar, das Baldit 
allgamdn ah dritto negative (irapl® dua KohJonstofas (a. a. 0. S. 80) besdehnet 
and das anter Ixwmilenai Hcdlngungon vfllHg mlt dem JI Schwdfrpektnim w flber- 
dnstimrat. N. T. BoHROvmxonr 1 uchidM os dam CO+ su. Dio Ursacho dca 
I jnchtoTW drift F. Hai.iikt in don Station wn Klcktiwuxi, wolebo von don dnrdi 
din Sunno ausflosuiiltun Kathodunstrahlon hcrrflbron. Boheovhikovv nnrinnr- 
ndtfl will (km Leuchtvimag ah Fln unsmipm mcbdnnng gedoatot wkn. Dime 
kitstun Auffaneuog winl such (lurch LabtEdurinrasvarxocho von H. B. Lxeojt 
and N. T. HoKSovNinivr 1 gmtfltst Dna Iatonaltfttsvnrhtltnfa der Listen I\ and 
]h bd Na-Dnmpf, (ler anturgoringomDrnck (10“ 4 mm and danmtar)lnEatboden- 
rtumm loach tut, stimmt mlt donTwi dnigon Kumotcn baobachtoten Wcrton gat 
flhofdn. 

Zusamnuinfoaitang. Din Kpokbngrapldscban Baobachhmgm dor dmelnen 
Kcriiwtcncniclirinaiiffm liabua dno verwimtodu FUHo van dnsduoi Tatsaohan 
giiltufert, din (birdwnn olcht lmnx* yon Wldursprtchon frd aind, and die wdtonr 
AufklArung Ixxlttrfun. H<ch unriebtrur gimtaltnt sich (bo Doatang dcr boobachteton 
Spoktrun; jodor weitun* Fortsdiritt ht bkir ong nn dlo Wdtacntwicldung amour 
nhyHlkaUwlHVi KrkonntnlMo golmndon. SlchagoRtnllt hi bdm Eomotenkopf dm 
Anftrutm do* SwANschcn Si wk trams und dor Cyanbnadou aowlo lngroOer Soinm- 
nflbo don dur Na-Linicn; dlo IntcndOU let von Komot su Romot and nrit do 
Entfivnong ism der Sunnu mcbsdnd. Audi das hmtinnlirilcho Spektramj tdh 
Snnncntyism, toils vlnlottor Tyi**, 1st in soinom Anfbnten an dio Entkmnng 


* Vd. iKMkkcH V. IUijot, Ann. 4,* B. 444. _ 

• A. Fowls*. Tecratrlsl BaMd a dtai of tko Bnaatra of the Talk of BsoHt 

HN 70, H. 174 (1DO(0( Isvamgstfa—rehitiag taitho Hportra of Comdsi cbm^x 7 0,8-444 
(1910ft. Kowlks onliaot in dor svdtoo AbbtadSang dm^wai—ho t ^oteam d y Koh lanyd 
so. Hlor fat snob aaf * now Kohfawscjifapofcfcnim LHIgb-Pnwxrt" BpMtnun) hfa- 
H*n. dso mhamtum bd SMHtm m fwbifaa mhofafc_ __ - mjl 


nan. on irnr in mnn hiuhhw ■■imik 

■ F.FALnjn , ( Anin.4,8.444. AnflflrdndartflWbonnUto«tiir^LEW±H,C.Jt--—, 
Mote aa tho Orhhi d Cortidn RsdfaOaas In CouefarjSpnin. MN 87, &4U (1»7) (ntt 
U tsmtau angsbaa). 

4 M. ^lloaaovNinm, Ann. 1, B. 4S4. ■ L „_ T . 

• BnkUva TntwidHi of Dfy Um of Bndlnn la Comets and Low Pimmm Urn* 

tory Honnoa. Mateo 117. B. 433 ( 1006 ). 
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zur.a 


da Some ton von dor Soane gebunden. Seine Entstehung Jet nodi ungeklArt, 
Du Spektnun dee Kanes Tcmvnte bisha nicht identiSskrt wadon. 

Dm Spektnun da Schweif es 1st van dezn da Kametenkopfes vorschieden, 
Im Labcratorium tritt a anf, ween CO an ter sehr g uri ng en Drockon In Kathoden- 
rflfcrm sam Leuchtm knnunt In stark mtwickdten SchweUen fast anBordem die 
negative Gruppe da Stickstaffs beobechtet warden. In grdfiaaSanncnnftha tritt 
im Schweif das kmtimderilchc Spektnun starker harver. Eino edndentigo EridArung 
der boobachteten Encheinangen fohH noch gftnslich. Van Wichtighedt Iflr das 
Rlinomen da gqiialniiadiirBiia kt din Tatanrhft, dafl bni dm! Knmoten 1 (491 1 V 
Bnooxs, 1912II Gals nod 1914 V Dxlavam) gVdnhgftig Schweifo von veodita- 
d>wn Typos (vgL Off. 14. S. 468) snftraten, dk rich spoktral in kdnar Wdse 
nntenddedm . 


0) Die Kometonechwelie. 

IB. Die Beobechtuofststuchen. Dio flbaana merkwflrdlgu : raid uinaig- 
artteo Erachdnnng der Kocnetsnachwcdle hat so ciner nngchcneren Anxahl von 
ErinflmngsvewDchgi Anlafi gegeben. Es kollen hler kdnomgs dlo varschiodcn- 
ardgen Hypothesen dargestellt oda anch nur anfgefflhrt warden*. Dio moisten 
miter Ilmen rind von vornherdn snr Wcrtladgkeii vemrtoUt, wdl do die Be- 
obedrtnngstBtiwriien nicht gonflgmd beachten. Wr hflnnfm hooto sngnr ogen, 
dafi cs brine dndge Tbeorie der Knmetaoschwdfo gibt, wdcho da Gesemthcit 
der Beobachtimgai gerecht xn warden vsrmsg. Die Ersdsdnung da Kometen- 
achwrifo 1st viel venricketta, ski wir noch vor wunlgen Jahnehntcn angenommen 
hatten, und a Khdnt, dafi nnsore phyrikaUache Erfahnmg noch kdneeweg* 
hfauricht, nm das Phinamen da Kaxnetenschwdfe wirkEch sa van to bon, Immcr 
sba 1st a fftr die Beurtrihmg jeda Schweifthsaie van anachlaggobanda Bt*- 
dentung, die Beohechtpngitstarhm selbst genan su kennen. 

Dloe umfo s mi swderid: chunal die Form dor Schweifo in fluvm Ycr- 
lanf im gi ntm und In alien Einzelheitm, daim ctin bei dnigen Kano ton bc- 
obechtete Bewegnng da Schwclfuatterie. Den Beobed itim g cn dor 

Vorginge un Kim^ LdnkijI, die mlt da SdiwrifUldmig sQom Anschafn nach 
irgendwie in YoUndong stehen. 

Die Beobachtungoi fiber die Schwriffarm im bounders fiber die 

Kifimmnng da Schwrife, ge hen sehr writ zurflek und warm bis snr Efnftihriuig 
da H mn D eh photograpMe das dnxige Materiel, das bei da Aulitnflnng der 
Kometenthoaion benntxt warden kmmte (Abb. 9). Dio Lago da Schwrifes 
oda die da Gchw rif s cha war UerbaL writ Hitfa ^on Stcman an da Sph&ro 
nWIg Udw t yum gegen den Kometcnkppf and die Sonno fatgelogt. Midst slnd 
die SchwnUe gaade oda scfawnch gekrfimmt and an da Sphlro in da Bkhtong 
vonda S o nnn thgsw&ndt. Irgendwclcho von da Snwnn amgehonden Elnftfloo 
mfioan also die Schw e i fr ichtrm g in dem angegebenen Sum batimmen, und cs 
ist d e s h a lh anch anmnebmm, dafi da Schweif in wrina rtaralldwn Lsge an 
die Ebaa e da Kometenbahn gebunden 1st, Diese letstere Ai mahmo wird alleii 
Untenndmngen flba die Form da Kametenschweffii ngnmde gdegt (trL 
Off. 15 ); dumagibt aich, dafi da Schweif, wmm a gorade 1st, in deriuahttmg 
da T wttn g rr tan Badhrakfm alch beflridet, Ist a gekr flmm t, so Uribt er 
m da Bewegnng Wnta dem veritogerten Radinsvekta xurfick. Bd rinarfnen 
Kmneten tr eten ^ ri c hmi tig Schweifo vendriedena Krftmnnmg anf; da bo- 

■.451 F • B * u,,tT, ,# ®- b - 4I,l 4«; H. T. B a —o w mngy , On thaBpatxa'af Conwia, B.447 

1 YmriMa at aaf dia UtantmufanriM im Artr onan JilumbtrUit (AJB). 


Ziff. IX 


Dto BDotaclituoatatKohan. 
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knnntoete diour Art lit da Domnachu Kamot 1858 VI 1 . Audi bd drigcn 
achwnchon mracren Kuautcn hib® die photograpbbchcn Awf nnhmon mahr- 
fachr Sdnvdfn mlt vanddcckn starker Krfcnmnng e rk enn en laaen (BcdpWe: 
Komrt 1903 III* 190) IV*). 


I 

fc 

P 

R 


3 


* V|L fcB.dk ZatahMntfao ran O. F. Beam, Harr Ann m (1803). 

' * Sam BdapW R.&Om Aotagr. Otwrr. of Croat b 19QL Uek Bol X a 99 

^^ZamBd^lLWbii.inwdBBrinnUdaKoiDaroiOOla. AF 162.1303(1 poj); 

xu B. Aunao&t, Hwtafr. Otw. of Croat 1p03 e. tick BaD X 8.1d3 ( 1901 ). 
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Kap. 5 . A. Eom: TCnmrtan untl Hbtsoro. 

Die nsnatn r4»n tng *^ r* 1 ** , *" n SdnwjfkflfnahiPBPi bcaondozs ndt Hchtstarkan 
Sciegdn, hftben mm, vie berdla frQher (Ziff. 6) barvargdhoben wurde, dno 
Vrfhw van Efandhetten g eieig t, die bbher nar » einem sefar garingeo Tdl due 
Bmbdtnug ariehnsn hiben. Die AnflflBm* dor Schwdfe In due FflUe dMohier 


l 


IWM CM. IS. HriOLlA 

Abb.IQ. Earn* mm (tfnmni), A»fn a hira nvpaW. Larans TTriilillwrg-TfflnlpNlil. 

tdb gnder, tab inch gBkrtbmntff odo* geweltts Strahlen wurde bd den 
heDercn Knmrten d* kUa Jihra (1907IV, 1906 m, 1910 EE HAUJCT) stain 
in At wThwi WflllB —'l iij m nmm iw l, 

1 Pttr dk dam n hlniMa Lit* atm vjL bmda ilhiJaliiHiif 9—14 da Astra*. 
]4n*dmUUm (AJBJ. ... 




JUff.12. 


Dtn Bonbacht&afitmtiaehMi. 


Boi alien dieaen Komcten (bcaonden bd lyofi III nnd Halley) warden *o- 

° < . trr J wrn Jg? totHch #gn'utQ Wolkon baobachtot (Abb, 40), 
Znwdkm trilt jtncb rin vMHgin AbrdBen dot Schwdl® eh, wodurch dtaor n 
amain ncIbnttndiKi'ii kiMnnndicnGdtdlde winL 
Dio Boulmditnngi'n deb bowman 

dcr Schwrifwnlfcan im<l gurunr Sdnwif tnUo 
rind borefts m ahlmidi, dafl nor oaf duke 
charaktcridhchii bUlk hinunwicnsi wardan 
Imnn. Da*I.t»JiWngiumTS<hwnftdkw^ 
snunt bdnj Kumcton 4892 I (Swift) 1 lx»b- 
nehtefc, urul cleren Bawognng kuintu Obar 
rintsn Zdtmwn von mahroren Tagan hinwqr 
vurfalgt wunlan. Kbtuftj suigte dor Komot 
IH 93 IV* ulnsdno rich ladfemfe Sdiwdf- 
wolkon. 

Zahlndchar noefa diwl dlo Bdqdalo aa» 
dom Anfang <k* 2 a Juhrfatmdcrtn, Bdm 
Knmotrn 490) IV wanlo ura 24. Jnll 490) dn 
vflUlg loHgolflBtar Schmdf 1 wntoganomiim, 
und dor Komot 4908 III (ICouehouhe)* nfeto 
wthrand minor ganton iCrachobrung edn un- 
unturbrochanoB Wifptrflman von Schwdf- 
wolkan nod grOGcrun Schwdfnartlfln (vgl. 

Abb. 4o). Auch 1m Schmdf (ton Haxuv- 
nebon Komotan 1 lamotm mohrfecli Bcm> 

KungBVdrgflngD Iwobechtct wvnlen (Abb. 44). 

Uburdnatirnmend salgon olio Ulan GaUUo 
rlno sonohmuado GuacbwiniHgkdt mit wach- 
■endar Kntfomnng vom Komutonkupf, wtnan 
an! don Vorhandcnmin utaor von dcr Son no 
auagebonden Ropnldvkmlt RQncbkvon wor- 
(kii mnB, t)bor wdbru lUnadhdtoa wind 
ira falgundon (vgl. Ziff. 4)Xf.) nodi ni bo- 
lirbton win. 

Frflhidtk bat rich, win horolta in Ziff. 6 
(S.4)6)anffaguWwtmle,dloAufmcrkHuiikolt 

1 Ygl. A. Korn, filar dao Sofavalf das Xo< 
ntttaa 1893)1 (Bwnrr). Pub), d. Asbophys. losdtzita 
KOdMam-Usldalboni B(I. 3, Nr. a (1906). A 

■ K. K. Baikaid, Os the Ammial— Talk of >k 

„ * * 

B*mjutu.v , n Comet Bod lhpkuwtkm of the Ano. 

M "w**w **■ 

a. am ( 19031 , 

* Dto nn o O echtango■ bdm Kootao IpoB III 
Nad bandars mhiroWi, barm Jsdooh an* dm 
nwcboitaot. Vgl. o. a. M. Wo#, Aafaahm dri ««t»i a. 

Xaamtm 1908 o (Horn tow), A N ilo, BL 341 wwjmo. 

(1909); U.B.BAaittap.CiMMtemMQawMWd. Abb. 11 . Haush Kca—t 1910H 
3papw*. Ap J aft 8. 203 1. 364 ! aft B, 63 (1908 mb H.D.Coma. 

"■ 4909). 

,.Vat dlo UtwataruBbaa ki A J B ud b Moo BAA 19, 8,1 (ipug. B aria i 
1910 Inal 8-7 worth afa rich lori fl o ^hr BetmUtril aaf aiaar Baiba photon, AnJbwhm 
f — Hrw a H aa CAN 186, 8.41-16; PobiAHF 3ft 8.424 (19U)S ApJsftlL 380 (49H1Q. 


worm a. 

Abb. 11 . Baumi BCoaat 1910H 
naeh H.D,Onta 




ZUt IX 


4 £q Kep.5. A. Kami Kametan und Mton. 

dff Beobachter ench aof die Vorgflnge fan Koroetenkopf geriditet. Zckhnnjigcn 
der oft ruch vor rich gehenden DewegimgevngflngQ rind fad alien grOOarcn 
Eooeten da 19. nnd'20. JahrbnndertB am Fanrohr hcrgestdlt (vgl. hfam ancn 
die In Abb. 12 wted uigeg ebane Zdchnung von G. PJBomd 1 ). . ,. 

Ale BApWwnrde frtha anf da Kometen 1862 III hfaigewiaen. faa wdcbcin 
baoncWi amgeprtgto Anatrflmmiff Bnrbrinwn gin ejntretcn. Rmlllcfa fchlt os 
fast gum an eyatanatiechm Beobechtungen dleser Vargtngo, die a orianbcn 
^grdan, den ZtnammenhlJigen. swiachai den Enchdnnngcn 1m Komotankopf 
imd der SchwdfbOdimg writer nadmupOxai. Mdst wadcnnmgdogantlidioBo- 
n^nfth turgw" «m Fanrohr d ni c h die ZHdnnmg fcstgcbaltcn. So lat bis bento 
da Kanut 1862 m fa"" 1 ** 1 ' nodi dor dodge gefaUeban, bd dera mlt dnlgcr 


Abb. IX KOpf vat Doras Ernst 18 JSVI tush G. F. Bofd. 

efai nmnittdbexa mm^nkang swlacben SchwdUonn und Ana- 
ili fl uiim g fratwisfrilen Id. Andae FIHe h e dBrfm i w dte rg Kilning; vor allam 
iet die Frege nodi hefa smtg e bantwatet, wlewdt a etch. bd den AuaLr fli mii ig*- 
ere hh d mm gen nm dnen mataidlen D ew egiiu gsveagang, wiemtt a alch mn cTnc 

T H it wfM nimg hunAJf 

Nodi efaunal lit fana anf den gfanhHcbm Unteaddad nflha dnsogeban, 
da 1 m e Tlgwindnen ii d wJU en dm vleneOen Beobaditnngen da Schwdfv nod 
den Wehroehnrangen anf da photagripMahnn Platte bedpht. Die belgegebene 
Abb. 13, Zdrinnmg und^nfnalnne, die von dem Kometen 1907lVnabeaRigldch- 
aeltlg mlt rtemalbwi Tnrir nm w n t Wnp \ von U. WgtF* ofaaltai slnd, 

mlgt Urn beradera dmtUch. Vlaaefl endidnai doe fftrbeDe Kometen typiechen 

1 V|L Anm. i, 8 . 4 J 7 . 

1 ILWour, r hotapap hl ap a. Tdiiineiifi da Konstao 1907 d (Daxxkl). Uftadb. 
Abb. n. SL 23 (Abb m), 8.499 ( 1907 ). 


£ > 
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zm. 12 . 


Dio BonhaolrtnaytiNiehnn. 
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HJ- 


Iwidon Auto und da duwbdiodllegendi; dunklo Ranm, photogrtphkcb die un- 

mlttullxir vnm inncronTcsU d« Koptes axugolioodcn SdradJatnUen. Aufnahmen, 

cliu von dcnirt-Thin Komrton nntor Vcrwendung wm Ffit cm 1 hogetfdlt wunien, 

orgohon phutpuraplibch ira Ucrrich grflflorer WcUcnlingen rttarTbe Bfld wio die 

viftiollnn Boobnclilun^m; abcr 

ouch 1x4 photogreiJliiwchim Anf- 

nehiuca mit KrwAhnlichHiVlBt- 

ton wrechwindon xu alnor Zell, . 

wn dor Kmix't 1907 IV nntor '* ’ ■ 

und mebr In tfiu Mrexpndflmmo- 

rung rttcktc, (Uo Scbwnlfitnihkn, 

und diu Ixtolna Schwdffloto 

irotcn hurvur*. In wun%cr oar- 

flqwflgtorWuectntfcndliadbon i Mra T * 

KrHchdnungin each 1x4m Hal- 
urvxclion Kumutun 1910 auf*. 

IXt Vorglaich elliT Buobndi- ’ , 

tnnffon und Aufnflhnwn sdgt 

wnhl mlt Sichurhait, daD o> rich 

hei don Iwitlon Sctawidffannan 

nkht urn of no rcullo Andrrtmg 

dcr Scfawdftfruktur handult 1 . 

Vidroohr let doe SchwnlfbOil in ***** *■.**!*■ >■* ygtft? 

dnor nnch unffoklArtcn Wcta ■SET 

von ikon ttuOorm UmstAndcii 
dor Hodbnchtnng obblnglfl. 

Kin unralt tribunal Vtfmm- 
imxilrufftut dur Krdo rait oinoni 
Komoluiwchwidf lint tcfalfcQUch 
hri d»*r lobtm Wlodurkchr dun 
tlALLKYncben Komoton im Mai 

1910 etattgriundcn. Auf din ■ 

auihninkmtltoh i&hlrrichcn • 

Jfcsibachtunffitn kann im dn- 1 

xrinun nicht rinai'flangon wur- 

«k*n B ; dl« JirgnbnW) vmruo feet 

dnrchwiiR muntlvur Natur. 01> 

rilo an mandvn Orton boob- 

nditotu trtnhtn IuaJailcn dor 

J.uft - mit tlum Knmaton in 

1 (S, A. Timor k, OharnUoao 
jihotnpxphlmj® ds la aonMo Ipoyd 

(Haittvl} k Pimlkuvu u MafRi do • 

I'utrananbe tie Hninmai, Mitt „ 

£SWT*:" W 

* Vfl. tlL LtakBuIU.B.Ifi da Xomotan 1907 IV (Daksi^ von H. W<*». 

I.H.Rktmum, Koto ao tl* two Main Typa of Caro*t*ry BenkycfEt 
•ad Uwbr VtrfSE with th» Briar DhUttw. U H ya, &at ( 1?11 ). • 

< Tj - a Kom Obar dta M doo neaona Mhnwrtnn phofawnmuHiUn ■Mw a 

Btnhlen. If. AH 197, 8.187 (W4h 1 

1 V|L /[.'[Tuiimi. Pk Ti w ai rnu rttr Trfnl m~~ r ■*" fa 1 ""* 1 *" TfLn «i— 

1910 wv. PbjwX IB, at (1917). 


% 


r ■ !- AiWb fm llNk. 

Abb. 13. Gk lo hol ilf PbotagnpUo «ndJWohxmf 
da Komrta 1907 IV (Daml) woo K.Wol». 
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Kap. 5 . A, Koctt: Komrinn uni Matson. 


zta 13 . 


Zmammenhang ateht, lit frngHch. Zwdfelsfrei goht am don Beobaditnngm 
der Sdn w tachdiniiigB aber harvcr, die Erde dnr ch d«n Konutsadnnif 
gegnngen lit MflgHch lit hlerbd hnrnerhb, dafi die Scfawdlatruhlcn van dor 
Erie ihgestofler warden und nm dieaelba henunbogon, ao dafi die Schwdf- 
materie gar nicht In tlsfn Tefle dor F-rrlafrm r ^phfl rw g nlang Fm kanntc, 

18. Matariach— zur Thoorle der K nmetim achwrife. Soben wtr von dan 
phantaatlachen und dumb die Beobachtungen nicht beat&tigton Hypotheam ab, 
die nr ‘ttrViffr‘ TiT| fl dor Erachdnung der burner wleder anf- 

geatrflt warden, bo liflt sich eine kkn Lfcde anfxeigan, In dor rich die Erfandrang 
diem PhUmnmrm vorwtrti b ewegt, and ee hat rich limner wiockr argeben, 
dafi der dgaotHche Fortachritt nicht In dnem Umatftrxon dee Alten, eondem 
In demon w ri t e rem Amban hmtendmi hat 1 . 

Der arete Begrtoder der In der Aetrnoamle feat allgcraeln angenommezien 
machairiachen Thearie der Karoet cnach write ist Newtom. Var flun Hpgen ehnelno 
Vcnuche van Hawm (vgl. each Ziff. -16), Robkkt Hooks a. a., wekho berrits 
rtiw Sdwefn at matsieUe, vom irnm^tunlm pf IfegnlfffftB G ebflde anlfoson. In 
den Phllaaophiie Natnnlk Frindpla Mathematica 1 hat rich dann Niwroir ndt 
den If w mi tw u i l i w J f wi befafit und dirt eine Entahddung swiachen dor xnochAr 
nbchen nnd optiachen Thecrle herbebraffihren venocht. Er xdgt, win die An- 
nahme, die EmetenfldxwaUe mam Loa ch tem chrinungcn In ninam tmahbinglg 
vom Someten im Ranm wfaandanen Medium (optische Thoorle), auf atarkn 
Schwierigkriten itfiflt Dngegen lflflt ridi dlo boobachtoto Krftmnrang der 
Schwrife erkUren, aowie man dime ala mahrleOe Aumtrdmnngon dea Kopfoa 
anffafit (mechanlache Theorle). Dleae Taiaache der Schwdfkrflmmang hat 
anch epticr den AnUngern der optiachen Theorle Immnr wleder die grflfitan 
Schwierigkafcbon bexritet, fiber die man dnrch swhr gekflnatolto HUfahypothomn 
hlnweguknunen aochte*. In Ungaro Auaffi hrun gcn beachiftlgt Newton 
nodi mit der Frage nach den Krftften, wriche anr Schwrifblldnng ffihron kfinnen, 
eine Frige, die danach anch van Olbxkb* bd der Eacbelnnng doe grafian 
Eameten 18111 ringehmd dlakntiert wird. 

Ein weaentUcher Fortichritt fiber Nxwrox hinana wnrie yon Bn yir. In 
wingr Untaiuchnng fiber den Sdnntf dea Hauxyichan Kamo ton ernricht*. 
Bimkt . bcicfate did beaander* von Nswtqk und Olbeba vertrete no Anffassang 
In dne analyttadi atrenge Farm, die xaglrich anch die beobachtetan Anmtrflmangs- 
pnhri nangm in die mechairiacho Theorle mlt -alnadiHoflt. Danach v ed—m 
die Schwriftrikhen ndt ehxr gewimeu gegen die Son no xu gerlchtoten Anfang a- 
guachwln tti g i cJL den Kf iwtohkopf (bzw. die W jrknng pyphdeeadben) und 
H/h en von da ab l e rti g fi ch unter dem TOnflnfl der Romy^, Dtoletxtero flbt anfinr 
do* gew fl l mHrh an amtehenden nodi dna abatoflende Kraft auf die ToQcfaen 
und bride Krtfte nth nan nach der Annahme von um gahohr t po porti flPll 

mlt dem Quadrat der Entfennmg ab. An Stelle der Saunenmime u — i trltt 
die hypotbetlache Mam p-i-R (R podtiv); die Grfifie R-i^u, ateUt 
mm die HepnUm der Sonne dar und gibt an, dea WlevUfacta der Attraction 
die RqnUykraft betrflgt. Die geaaznte Kraft ist fifr* proport tonaL Wir mfirnen. 


. J v <V— a F. dfl ? lrth ™Lh « t «»n m hM p.4a6ii.43Qy.Mmm.11bardkHBtiu 

' fartta te km+Ym voa 174*. 1 

V|L o-B. LZnnfitav dM Vfmm dor XoaMtHL PhyiZ 11 , aU43 (ibnfi. 
'“"i °" -r dm Staiwrif dm graflan Kwraii yon 1811. Zun u ' im4< Cao» 

yria eai, a 3 M»ia}- 

B *™ ** ^nm fiber dh pi^rialw Bawhajhahril Am Hamnwahi 
and aadnnjh Tvnkfita BMarbagH. AH 13, a 185 (1836). 




Ziff. 13* HlatorijicbM xnr Thoorie dir Ron—cfawdfe. 46$ 

dcmnach in der MecbanJk der Komotcnflclmelfo die lolganden Ffllle untar- 
acheidcn: 

/* ■* i KCwOlinllche Attmktkm, 

0 <{i <i viTniinikrtr Attmktbn. 

/* ms 0 guudlinigu Bcwcgung. 

fi< 0 Repulsion (hypcrlxilljchu Bcwngung). 

Dki Schwdftdlchcn l>u*iirwbra also aribatflndlgp Balmm, dlo in dor Ehenc 
dor KumuUnibalin Hcgnn, wnn man ennimrat, dafl die Anietrfkmmg rom 
Komotonkuni cbcnfalbi in (Hat Ebuio oritdgt. 

Da jcflnch 1x4 dcr Buobnchtnng der Sdnrotfiarm ira groan dlo Boweg un g 
(Honor Tdlchcm nklit solhat wahigonamnun wird, Hundara nnr derail maman- 
tane Jjigr in bcxng anf don Koi, no onlwfckrit Bimm. diene idattan Kocrdi- 
noton f, tj dnon TuUdKnn in dor Rbano dcr Komotanbahn nnch der ZalL Dabd 
Kcgt dor Knordinatinunring in dem Kcm; dlo positive $-Achae flUt mlt dem 
vcriAngcrtm Kodtancktor ifummmcn mid $ stoht mnkrecht don (poritiv In 
dor Rich lung, vnn wdeber dir Komet komrat). Du Ergobnii der Rnchnnngcn 
BawKU int nnch cirdgun Ktim*lrturen l : 

£ * — /coni'' 

— |g awG -H fdnF • r 

+ |'; " - f *'^ # ‘ - /gf - £) - /-»£ (0 

+\'y t -*-*(* - V) -«—■ "15 ■ ■ • • 

ff r.l H./ldllF 

-| [jidiif. , -/cuH¥. ^]r 

- fa -h bin*fa + £) + IcmF “-j! 51 ]£ 

H- ' y + • 11 • 

Dio virMtohrfldcn (Ikdchnngnn, dlo dnrch dn NAharunpvrrfnhnm mtstandon 
Kind, gnUm dki Logo dnen ToUchov nr Zclt i In bong anf don goma tanfam . 
Dabd int angiimnunon, dull du Tdkhan nr Aumtrtamgwrit t — * dlo Wir- 
Inmgwiihflru den Knxnnton an dor Stdlo mlt den Pokrto or dl n aton f, F on tor 
dor AnfuigivvacfawlivHgkalt g In der Rich tang G variflm hat. p, 0 bnr. r 
and • (dlo bed don Jotstoron rar Zelt /) badohnn rich anf dm Lanf don Kanetan. 

Dio vtmtohcmlen (Hdohungm goatatteo ram, dlo Logo fa wui a hm i SefaWf- 
tofldKJCfl, bnr. door Rdho von aolcnen Toflehon, in bang anf den Korn n be- 
atknman, warm dlo AnlongnbodiagimgEn bekumt rind. Sin gontatten inch 
andormalta ante aewtean Anoahmon dbAnbaabodingangm and imbemoden 
dlu hyputhodnoho Soananraame, d, b. die Bcpdlabn dor Sonne, bomUton. Da* 
ia kt dn Vsngfadch mlt dm Boobaditnngan notwendig. mid dJennc hum nnlflhat 
nor darchgelQhrt wwtlen, worn man annimrat, daB dor Schwrif doh in der 
Ebeou der Komotanbahn beUndet 

1 Y|L nramcuv-jAMDMAwa, Co —. B. 95- 
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Baww. hat in seiner gnudlegendea Arbeit Fonndn entwickdt, um di© 
an der Sphtra featgdegten SiiiweLfponkto anf die Bahnebcmc su prajidonn 1 , 
Wlhlt ™n bier Koanttnatensyatem wie bd den theorotlachcn Ab- 

Idtnngen, so 1st ein mnnft t el barer Vef^dcb der beobacbtoten £, ij mlt dor Thoario 
bat drym eolcbon VergUch bounders fflr den SdiweU den 
HALUcnchen Kxsne U n bd. der Erocbdntmg des Jabree 1BJ5 durchgofflhrt. Kr 
iat dabel in M genddr Wdae vorgegongen: Nlmmt man an, dafl doc Rdbo von 
Sdrwdf tgDriien nadidnander outer denadben AntangabecHngnngon den Komotcn 
vtdaaen nnd enter deradben Repnldvkraft der Sonne atrium, no werden do 
eUe nr Zelt t inf eiur Knrve Be^n, die wir duich EUmioatkm von t ana den 
bdden Gldchungen (1) mid (2) erhalten. Bleu Knrve 1st nnn nadi dor An- 
nflhrw> van mlt sor Zelt t bcobaditotcn Schwdf kkmtbch. 

Ba beateht abo die Mdghchkdt, miter diesor Voranautsung ana dm boobnehtoton 
Schweiffnrm Airfu^ph—H^iflnngBn nod Rflpnlatvkruft dor Sonno su mnittcin. 
BttfKLkitet enter vemnfachenden Bedingongen due Funnel bar, die In rancher 
Wdse ana dor Sdxwdfkrflmmnng die Rapulaivkraft sn bcrcchncn gaatattot, und 
erbftlt bdm HALLxradien Kometen elne Repulsion R — l — /t *m 2,812. 

Hit dloaer Untenochung Bimktj war der Erforadrang dot Phfliiomens (kar 
Kumetenadradfa der weltere Weg gowieeon, der aUcrdlngB nur von wonlgcn bo- 
gaagm wnrde. Keben den Untersudrangen von Pape nnd Wnnmcxx 1 , wnlcbo 
die Methode Bessels anf dm DosATiacben Komotcn 1858 VI an wand ten, atdien 
vtr allem die Axbdtm Th. BsKDrcnma, demem Lobetuarbdt die syatomatbche 
Untenodnmg der Sdrwdffarmm war. Blngewieun ul an dloaer Stella andi 
nodi anf die Axbdtm von E-Roche", die tdeh vnr allom mlt dor Form doa 
Kometcnhopfes hachflfHgro. 

14l Die Untersodrangen Bamaoira *. Bkkdichin hat mlt dm Gedankcpi- 
gftngen Bessels aneb deaen Methoden fibamamman, die or dann writer am- 
gebint nnd v ubea a t hat Die Kmnetenachwelfe (wonlgatana die stunt su 
bettmehtendon ncmnalen Schwdfe) ateflon denarii bm dinar Boochxflnknng anf 
(fie Sdnrrifaehae die Geamthdt allor derjcnigun Tcdkhan dar, wckho nach.- 
dnander outer deiwriben AnfmngahodlngnDgen den Komotonkopf gogem die Sonno 
Un vobaaen haben, nnd wefche nntnr deradben abatoflandon Kraft dor Sonno 
stehm. Wr arbelten abo ab Sdxwdffbnn die BxasELacbo Knrvo dor £ nnd y, 
(Be BssDicHDr ab Syndyname beadchnet. 

Da Jedodi die beobachteto Arantxtonng rich nlcht anf dram dniigun 
WinkrI G ba drrflnkt, aondern dlo bdden dor Sonno sunAchat llogondcn Qua* 
dranten tnpfi Bt ao kam raen dnrdi die Andcnmg dor Ricbtnng flee 

A nfan g^gBadiwlndigkrit veraddedena Syndynamon saatande, deron Gtnamtbdt 
dmgansmSdxwd&nmplezbUdet Der Verdddidcaauf db Bbna dor Konatim- 
bahn pcojixierten Sdn i ri fn mlt den Synaynaum gtbt dann dlo Mflgllchkrit, 
Anfang^adnrindigkrit nnd RepoUvkraft sn bea tbrnnen , 

Bi iiw i H iM benotst bd adnen Unteraodnmgcn dransdts dlo dlrekte Mctbodo 
Bwm achbgt aber bd genaneran Untstndnmgon aach. dram lndlrakten Wog 
dn. Er beredmet ftr vonddedm gowthlte Wcrte von g, G nnd R, aowio fflr 
dneRdhe snfdnand crfnl gender Ana d rfl umn gaelten die Lege dnaolnor Schwdf- 
tdk b rn, die or sum Vergiddi nrit den Beohariitnngen-gntphtach anftrflgt. Dabd 


_ _ MMUlhatbaan vfafaxW. VgL a It 

Q.wmn, CossebexaniMRi, 8. 303It m. A. Sosn, Parmds mr Kaddddcn 

Abmi* d- SbSLb 1 *’ b ’ 309 (w(9 ‘ 

■ Tl ^ t * * 1 “* nk P** 0*^- IV. PMb 1896. 
Cametedonnac. Asm. 2 . S. 436. 




Ziff. 14. Dio Untzmndmufvi Bikwchtmi. 465 

gibt ebw Variation dcr g nod G alkdn Amkngft, wolcbe Tcdle dm Schwdfes 
on tor dondbaa Rcpulsivkraft dor Sonne atoheo, aln nach dcr Bemichnnug 
von Bbxdichix nntor dmadben Schweif typos foUon. Dec Bervich dcr in 
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Frage kammanden Syndymupen wild dabd noch dadnrch genauar fostgdegt, 
dafi dam Betrag der AnfaiigsgBachwfaidlgknlt dnrch din Entiucknng dor bo- 
obachtatan AnastrCnrang bxw. die Auadehnung dea Koraotenkopfca gogen dla 
Sanna hin gewioe Gnuon gesogen Bind. 

Bd dbwwr indirektail Vwthndn hot idrh BrKDICHIX mrr wnfang H dor Nlho- 
rnnflrianneln Bmhpj (vgL S, 46)) bodteni, ipfiter abcr gcnancro Formoln hcr- 
geldtet Er bestiunnt anf Grand dor angBOonnocnon Anfangagcmliwindlgimit 
und der Repottvkraft mnflchst Strang die in der Ebcno der Konntcnbohn 
Hagenda Balm dea dnsdnen Sc h w df t ril c hwiHi in bang anf dla Sonno. Da diem 
Bohn In der grtifieren Zihl der FBIle (ffir p < 0) tin von dur Sonno ohgo- 
wandter Hypobelaat ist, so bum man dnrch die Benntsung dor Hypurbol- 
funkt l mm die Hechnongen anfisordentUch eridchtorn. Tranifarmlort man 
achUafilkh dla thcoretiach hegeldtaten KoonUnatcn dea Schwdfteflchona vom 
System der Soone auf das da Koine ten kopfes, so kommt man wiodornm au 
den BsastLseben Koadlnatan 1 £ and ij, die man mlt don anf dlo Bthnubana 
projiaiaten Schweif punk ten vagldchen kann. Ana der Oboreinitimranng dor 
berechneten mit dm beobachtetcn Sc h w ri fp u nkten kann man Repaidvkraft 
and A nf a ngyaiJurl ndlgkrit beatimman. Die Metbode ad dnrch dlo belgogobcmo 
Abb. 14 venLnscb&ulkbt. 

Dm Vergkdch der bemchneten Syndynamun mit don boobechteten 
S ch we lffo r u um 1st von BarmcEDf ffir mehr ala SO Kometen dnrchgeffibrt 
worden, nod oa haben deb dabel aehr bamer kana w urta Goaata raflBlgfadfam or- 
geben. Znnflebst aelgt deb, dafi ffir dne grofie Anxabl von KametcnachwaUan, 
die eben BaamcHT* ala normals boadchnct, xnm mindeaton dlo SchwuLCachm 


mlt IrgnncMw Syndyname maannnexiFftUt, d. b. dnrch dn dnhdtlkhaa W«to- 
syatam R, g nod G dargestaQt "warden kann, wobd aUerdinga botant warden 
mufi, dafi diem Dantdhmg kdneiw e g a Immer dn den tig lat Abcr Hln^n t)bor- 
dnstbnnrang ist doth doe ao onffalkmde, dafi dadpirh alldn acbon dlo mochas* 
nfarha Thearie slkn anderen nogehenar fibciagan enchalnt. 

Die ana dan nntasnefaten Komotanac h wdfan arbaltanan Warta {fir dia 
Hopnliiac, R — 1 — p, teflt Bhxdichiw In drei Gtuppen dn und rnitamcheidot 

SUE 1 , 

bd anftretondo Anfangsgoschwin- 
dlgkrit 1 g (fflnhdt — 1 aatnm. 
Kbih,/58,1)244 Togo) nobon* 
stabend angogoben. 

Die ZagdsOrigkdt da dn s elnen Schweif Lypen an don nn t urn u ch ton Kometen 
oglbt deb ana dm folgenden Zaaramcnstalhmg (S. 4 67), dks rich anf dla 
Kometen da 19. Jahrtranderti l —Jnan w 

DerTypna I entsprichi den gcra den Schweifen, II don wunigor qnri m don 
■tack Bekrflmmten Scbwdfan. Die nachstahandeTabdle gtbt dno gnta tfoadcht 
5® “• Anfbetm der wtndiiedenan Typen bd den donlnen Kometen nnd 
dafi tfie Sonne anf dla SchweUteflcben dna RepnMvkraft nnaflbt, dla debt 
nnr von Komet an Komet weehaeit, sondera anch anf dks Tdlchan bd dem- 
adben Kometen vtaddadai dnwhkt 
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spracband auch moist dio Untmuchungcn Bkkdichixb ohne vroiUie Kritlk 
wiedorgeguben. El no solcha Kritflc 1st joclodh. natwendlg, ond ilo vannsg dan 
liohcn Wort von Bkediciiimr Lcbcnasrbait durdhous nicht sn verdunkeln. TVnn 
ct hat g aadg t, daB dio lilac Bnapj wirkHch durcbfOhrbar fat, dafi din Schwdf- 
fcrmen dnrcli dio vurachindcn atarko ELnwirkung dor Sonne anf die Trikhm 
don Koine ton imd dio dadurch bowirktc mcchanisdio Bcwcgung di nao r Taiichon 
in gro&n ZQgon bcntiinxnt wnrdon. DaB dutch nenes n enhpg bHin gmiafr rlpl, 
win ob bonanden dardi dio Photograph io dor Karoetenachvraife gelkrfbrt woeden 
1st, dio Ergohniaso Bnkuichucb «im Tell atflrkare Modldkadonen erfahnm 
mtan, hat dkacr adbat nod) in den lotxtan Lnbensjahran U ervtxg ehcbon. 


Boobaohtoto Scbvalftypon nit ah Bkkdxckeb. 
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Zunflchut habon die nauanm Untarachangen gaeigt, daB der onto 
Schwdftypna, obonao wio die andoren, ein s n aa jniTien gnB ot a tnr 1st; BaaniOfm 
mlbat hat in oincm Fall den Wort I — p, $6 featgostdlt. An •painra Stifle 
wild hkmmf nodi dnsugohon adn (vgi. Ziff. 15). Hlnr fragt aidi nnr, ob dem 
Wurt 18, den llwarnfami nraprtngllch ongogoben bat, irgooddna boaondere Be- 
dontnng ankommt. Bbxdightv bat din bte auletxt nodi angonammen. Abor 
dno gonaaaro Dardiaicfat a d nor Untorandbrangcn UBt dies doch sanflehst ala 
unwaTiiachdnUch cncbdnon. Dio Bcudmmnng groBor Worto vim R ana dem 
Vorlanf ckr Syndynnmen bit ftnflant undchcr; dam bd groflor BopaUvkraft 
1st dur Ein fin B dnor Andorang von R an! dan Vuriaaf der fyndynamo aohr goring. 
Der fftr dm arahm Typns angogobono Wort 18 (Bbedighim hatto dafftr aunt 
don Wurt 12 orhaltnn) bernht aoch nor anf ganx wurigm Boobachtnngcn, im 
wnaontilchon anf ikmcn das Sohwdfaa da grofleo Kamoton von 1811; in aflm 
ftbrigon Fallen muBto rich Bkidichim ouf dun Nochwda boachribiken, daB dor 
Wurt 18 dki Boob och tun gen damstellon vormag. Wonn man non beach tat, 
daB man (larch dne Variation dor Bkhtnng G dor Anfangagnaefawindigtadt go- 
ndo bdm ontun Typos dio Lags dor Syndynamon stark Indian kann, and vrenn 
man dio Unrichnrhdt dor Utomn Bcobachtungon dor Komctcoachwolfo in Bo* 
tnebt rioht, aoiatua nicht ahr orabumUch, daB dio vim BKKDnxnr dnrchgefflhrto 
Dantdlung rich ala mflgilch o rw i acn hob Man kflnnto doh grOBtsn Tofl der 
Rochnnngon Bmcoiciim obonaognt ndt dnom anderon Wort ala 18 dnrehftUmn. 
Der Zahl 18 komrat alao k ainaiw cga die anBemcdentlldio Bodontnng so, die 
man ihr dno Zdtlang augoachrleben hat (vgL anch Ziff. 16). ABo wirkHch go- 
alchartmi Basdmmnngan dor Repalrivknf l t habon Maher anch in der Tat «- 
hehUah grOBaro Worts ala 18 argoben (vgL Ziff. 15, S. 470ff.). Ob bd dm 
Repaid vkrflften, wio BaaniCHDr venxrotot hat, gnnwah%i Vidbuie vtn 18 
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doe Haifa sptelen, fat dne noch ungnkllrtp Frago (vgl. anch S. 473). Man dart 

■ti« Wwrfiw gwhflrwrwWi TTn fwrmfhrm gwn vnn Rum irrmf nur fAHnflwi | Ha[| 

bd da Bfldnng da Knmetenachwdfe nnta Umsttndcn Rcpdhlvkrflfto d a 
Sonne w lrkmm rind, welche die Attnktfan guts esbebUch flbatreffan. 

Sine scharfe Grease der Scbwdfa vam ersten Typtn gegcn dlo ftbrigon fat 
mchriDBnd vurhanden, fat aba doch zdcht bo gerichert, wio as BttPi cniw 
Belfast danteUt. Mon nrafl wahl beach ten, dad bd don Untcnnjchnngon (lor 
Sdw dfa da oaten Types iteta Beofaschtmigen, die ant cinen Wdncrron Wert 
ala 18 htawiaen, eben durch (Ham Wert outer godgnoter Andaxtmg da Wln- 
keli G dargeatsllt warden. Die Grensen swfachen dem Typua n and EQ Hagon 
anderendts io nehe saaammen, dad hfar edne Trammng In swd vurachlcdcnn 
Typen einen 4i F* ant gekftnatelton Fflo d rurV macht. TOntdhing ^ 

Ku m etBUichwdfe in aebarf getrennte Typen mftOto jedenfaHa noch booor bt- 
' grfindet w ar d en , afa dies durch Bbidkshih geachcben 1st, 

Die von Bhsnuihim gewlhhe Typendntdhmg ond daa xftbo Feathalton an 


der einmal gefaflten Idee wird exit ventftndUch, wenn man rich din phyriksdfacho 
Den tong vor Angen hilt, dfa BaxmcHOr den Sc h w rift ypen gtbt Sr nlmmt 
an, dad dio AbstoQung der Sanno elektrfacher Natter fat, and dad die Rapulriv- 
kraft nmgekefart p ro p ort i onal dem Mnlekulargewfaht der Stoffo fat, wefaho dfa 
dnaejnen Typen balden. Nlmmt man fttr den ersten Sc h w elftyp ui dnnn cdmdgai 
Wot 18 der Repolrivkzaft an, nnd macht man lerner die Annahmo, dad dor 
oite Typoa ana Wa a er atoff boteht, ao kommt man fftr dan zwnlten Typos in don 
MnfaknfaigBwichten von Natrium and SidifanwaaerstoffverfaliidangBn and fflr 
den drittmTypni sn deejenigen derS diwum otalle. NunhabcndleBeobachtungwi 
da Schweifipoktroms frrfflrh da Vcxhenderadn vnn Knhl>wtnFf yrw 4jnHTmg nn 
Natrium and vieilridit anch Bfam ergebon, aber daa Varbandanaeln von Wooer- 
stoff konntc nodi niemala nachgewioen warden. Geradn die mmaron Spaktral- 
■ nfnahmnn srigten anch fflr den ersten Schwdftypua dio eharakb yfa t Mu m, auT 
CO snrtckgefflhrten Banden USdiw-dfspektrum" Ziff. 11. S.449). Auflcrdcm 
haben rich bd ri nfaen Knmotm fflr die gfafchsdtig anftrehmden Schwnllu vur- 
addedoiaTypen dWben Spektran ergeben (v^S.456). Bd don drol hfarfarr 
gdiflnsiden Kocneten wnrde neben dem eiateu Typoa atota dor swodto odor 
dritto Typoa wahrgenommen. Demit kommt dio Hauptatfitn ltlr don Wort 18 
and fftr die K i ntdhm g da Sdiwdfe In getrennte Typen in WcgfilL 

Neben den normalen Schwetfen, die rich In ttnera vorianf durch Syndyxuunun 
daisteOen Iiwph, treten mm in d nselne p FHllan noch Bncbohumgcn euf, dlo 
ebenfidh 1m Bshma da medianfachen Tbeorie durch Bmcdichdt Ibro Bridfliung 
gefnnd e n habem Allen dioen EndajhnmgTm g gmdnaam fat, daB da Aiw- 
Jtrtnnmgsvcrgang vom normalen Vorianf abwefcht Erfolgt dfa Anotrfhnung 
in vonrinanda getranntau Zdtintervallm nach vaochfadenoo. RfchttuuMi, 
a entstehen getrennte Strdfen, dfa qaa sar Scbwdtnchu vuriaafen, and dfa 
Bkkdichiw afa Isoehronen baridmet hat. Br hat dkao in den Sohwdfan 

H* 18841 Mcbwabon vor alfam seigon Ufcraun, 

dander vielfache Schwrffdq groflengometanvon 1744 ana dnsolncn Iaochronon 

ootanfi. 


j? '* en r * Dc j? »? m dum inch dlo Sdwdfwoilnin wrmuidt, (It 
aniden ^mtographfacboi A ufn a hmm nmnrer Koamton after sfahtber rind, dfa 
aher ouch achoo bd derEmdieimmg da grolfan Komotea 1882H beobachtot 
w arden (S annirracha Wolkun). Hfar tritt an Stdfa da konttmdaifahen 
Aw^Qmang dn ezpfarionaartlga AnaatoOen von Schwdfimtnrfa durch don 

hxM A &i£? L 91 3-457 ^ atjrmhfan. V|L Bumcam-jAxamumc, Corooterv- 


Ziff. 13. 


Die Bigoiaiao d«r ■oumun Untnohnafra. 
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Kamatraikopf, und die Bawugang dkaer Schwdfmaasm kann dann nnraittelbar 
bcobachtet worden, Dio baidan SCBUiDncbon Walken i. B. warden In Hirer 
Bawegung wflhiand etvrt dne* Manats verialgt, and Bbxdichut hat Menus fftr 
(He Repulsion der Sonno die Werto 0,6 haw. 0,75 hergekritot 

Eiiolgt snhlinQHch dio Amstrflnnmg swar konttandcrildi, abor xn var- 
■dilodwicn Zdtoi In vonchledanar Rich tong, bo kOnnon Schwdtgohfldc 
entstehon, die flmr Porrn nmch In dor voneModensten Wdao vom ncrmolm 
Scbwdf abwulchen. Bd gjdchmflPigor Andcrtmg dor AuivUxflramigsrlchtung mt- 
■tohen gokrflmmto Schwdfc; insbraandcra koonts BmuCHur die dgontflmHdi 
gckrflmmtc Farm balm Kamotun 1862 III (y-Fonn) dnrch dio von vcrschledenon 
Boobachtem wabrgonammeno pcndclnrie Bowegnng dcs AinatrOnrangukogels er- 
kllren (vgl. Ziff. 6, S. 436, und ZUt. 12, S, 460). 

Hines mad jedoch sn diasor Stella bertont warden, ULBt man fftr jedan Ana- 
strOmangsmomont dne beHcbiga Rkhtung dcr Haopta urntr O unm g xu, m kann 
man acbHcfiHch jode belicbigo Schwdflarm ndttols dor mechajrischon Thocxie 

h aw i nil wim ; ai jjor Iqimwr hrmnch harfn ScfawoUtaDchon «if w jnntvW 

bonachbartan Syndynamcn llogen mflaan. Elno Hflgllchkdt, nach Bbkdighdh 
V orgsng auf tbaanjttacbem Wcgo SchweUfarmcn xo konst micron, die nrit dem 
boobaebtoten Verlanf flbardnathnmDn, tat also Mats voritfindon: aber man kaim 
nicht, wie us wiederhoit gcochcbcn tat, bus alnar wnJchm Ubarrinsilmnuing 
Schlftma auf dio Riditigkdi dv medinnischon Thoarie siohen. Bin Bcwdi xa- 
ganstaa dor Thonrin lkgt tanner nor dann tot, worn man ndt Ihror HUfe us 
doom boo bach to ten Anfingasartand bams dnon gfcdchfslta boobachtaten End- 
natand darxoxtollon vermag. Etaio sa hgondafaur Zdt beobachtoto SctawaUfenn 
maO rich also cntwudur mlt HDJb bcobachtotor Ain B lrftnu n g saa dioiim DBai Oder 
aos alnar vorhar boofaactatoton SchwaUfbrm heridten lessen. Dio Anntfcllnng 
(Hcscr Pardoning hat, win im nflehston Abschnltt gcaclgt wird, sn ahnhlMwi 
Scbwiarlgkdtcn boi dcr Dontang dor pbotographbcli ■ boobaebtoten Schwdf- 
mchdnungon goffthrt. 

Schlinffllch sal ouch hlcr nach daraaf hinguwiaeun, d&D nach don Untor- 
Micluingun BmnutnnMi bd hcllcn Kmnbtai gdagcntHch snnmaln SchweHe 
anftrotun, bd den on dnu gogen dio Sonno lun gorlcbtoto AoatrOnumg a- 
fulgt, oh no clafi dun RepaUoa dor Sonno anf dio Scbwdftellchcn wirksam tat 
(7Jff. 6, S. 433 1 . 

16. Die argabnl—a dtr neuerea Untemichungen. Dio Untrnudmzigon 
Huxdiciidoi Rind basondure vim obrigen rnsrisdwn Astronoman (var aOom 
K. jAXGiuafANn, S. V. Oklov und K. Pokhowsb) wdtorgofflhrt wardai, wo- 
Ixd dio ftfothcxkm Bmcmcnim sum Tdl oino Umgostaltnng orfuhnm 1 . VW- 
fach warden hlarixd dlu Kigobotaso Bhxuighiks oinfach boatfttigt; so hat 
s. B. K. Pokruwmi* lm Schwdf das Koraotcn 19101 das Vorhanoonadn vm 
Isocfanman nachsumdnen vonnocht, Abor das doroh dio Knunotaphoto- 
gnqihin grliofortu Boobacbtangmoahalnl tat dncli don (rflhoron so sdir flbor- 
iogon, (lab anch crhdiUcbo Vorbchrltto Abor Brkdiciiim hlnans crsldt warden 
kumtan* 1 . 


1 VgL ■tfSwdW" HwnMRfcJ awmmaww. CamotflokmuB, R. 4jaff. 

1 Fftr die nhlistako TJtsrstnr, die hkr debt winriftndta aegeflUirt 
wiaderam auf daa AdraDontaohn Jahradseriofat wwiou. XtauefawAncnlnlin 
Fftr ilea HMi whei Komodo vgL noofa Anm, A, S. 146 m. Arne. 5 , 8. 459. 

* K. Pamvwssr, Bynefarooen lm Bahwalf da Kontoton 1910 a. VmtJIf. d. 
Jaijov (]>orpat) ftl, B.4 0911) a. 34 , 8,37 (1915). 

4 A after dor Im ' 
dsr Itepulrivknlt ud 


& 79.(1935) S. 3, H.4. S.d» (193$. 


Btnv. 


Utmtar vgl. fftr dio Uetinta dor Batlnusag 
da Aaslinnisupmoiiiata aoeh N, Bloumanwr, H A J l, H. % 
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Kip, j. A. KoiWl Konetm and Hstnre. 


Off. 15. 


Bel rioa Frih* yrm Kometen wards dls Bewcgang da* Schwdf- 

mtsls anznittdbax bebbaditet, and blown lAfit rich dls GrfiQo da Ropnlriaa 
da F—"- nJfc boner abusda Schwetfform heririteo. Zanflchst koirato In 
elnlgm Filial dls Bewqpmg elna bafierten SdEwsUwalks oda sloes lasgolAstan 
5 i milfsinrkf llsflDB Zslt Undarch varfolgt warden, and hlardarch war dlo 
edurSrsktsn TWHnwmmg da Bahn da Sdnrdfmatsrlo gegobon. 
Scddts Bahahestiramniigea warden sunt van R. jAiasniAinv atugsffihrt, da 
AaM vm da Annshnn saving, dsB dls S uh w eUui fttols rich In da Ebeno 
da EoiiHtaibsbn be w ^t Projlricrt men dls tn dor Spbflzo beobachtstcn 
Sdnrrifpankte In dls Ebene da Kometenhshn, so bostsht dlo Anfgnho darln, 
dis Se h w rifpu nhte darcb dls Bcwegang etnas Maaenpanktas In 

•intmn KegaSschnltt, 1m spsririlnn Fall In elnem Hypobelast (vgL S, 46))* dar- 
iwutui. ~nu»» Rfichmmg words In oral FUlsn vm R. jAiGnuAMiv dureh- 
gaffihrt; «4nn»i brim Kometan 1903 IV, wo sin losgeUsta SchwdEstflck anf 
■M» . w n«i am 24. Job 1903 eritaltaen Anfnabmen wahigonoanDon wnrdo 1 , and 
ikrm frrfm Kametai 18921, wo sine SchwaUvadlchtang sogar fiber sechs Tigs 
(1892 April 5 bis 10) Unweg sa verfaigen war*. 

In da Folgeselt hat A. Koptt doe lfoihwdo da Bshnbsstlnimang 
entwickrit, dls van da Annslune Irel 1st, dsB dls SdiweUtaUcban slch In da 
Wwm da K«nwt»n>iitm beflndsn, and dlae Methods wards sbenTidls anf swoL 
Fills ang u w m det: rinmol anf dn wlsdemm belm Kometen 1892 1 von Mai 2S 
bb 27 beobochtstea aelbstlndlg rich bswegeodsa Schwribtftck* and dann anf 
dls borits von jAiaBnBLUni bearbdtotsn BsobsditnngBn bslm Kamotonl9Q3 IV 4 . 
In «TUn dlessn Flllen war efais dmrhana befrlsdlgofide DantsUong da bc- 
ofaschtetaa Bswegang du r ch rine kaavus Hypabd mflgHch. Aach bal dan 
Kamsten 1908 III (Mobxeodhx) and Hallky 1st dls RepaWvknft da Sonno 
wledabcdt aas mehrersn ssltllcb hlntecrinander llegandsn Bsobachtnngsn dar- 
■Dn Schwrifmssse (dlsso Jedoch anf dls Ebons da Komotanbahn projiriert) 
hogsleltst warden. Dls fttr dls RspaUvkraft da Sonne erbaltonai Worto, dlo 
nan ge g a w tiU g ala die beaten mnmhtm kann, rind: 


xbBMt issai. . 

Konst 1003IV . 


1 - ? - 30>3 (jArauam) 
bnr. 33.1 1 

1 - p - M»Q (Kom) 


SabvrifvoOan 


1 — /» — 89,1 (JimMiiH) 1 itinsttm 
1 — t* “ 903 (Ko®»») j SshvethralkD 


i b. Juanum, titan dls tadm Krwnrtim 1903IV in 34. Jnll 1903 bsotnahteto 
P —es uiil dsr Sekwdfnatnis. AH 166, 8. 379 (1904); Dlo Bnr^oag der BetawdT- 
noted* dn Khmstn 1903IV nd ebsn nr Banns ksnvasn Boon, dmfe 168. & 369 
(1905). 

1 B.J*muav,DfeB»n|Baf dnBsbwdfnninlsdssKaDitanigoaXaalsfaiaiinr 
ftnos knsan Boon. AH 171* 8.1 (1906); Dls dsfluUlva TTstintasstimmniig dor 
XonrtnBbnttntaB^ otando 176, &369 (1907): Us Bswanni dn XomotonnWl* 
^ted* sof hypertoBs eh n Bdmso. Ufa. ds VAo. Imp. dn Bo. Bt Ffenfaearg. a pbya^ 
—ft* a Hr. 8 (1908). Hln I* das sorintarilnhs DantaDung dn vsmadeton UMbods 


_ ' A Kttw».fibordn B*wUdnKonstsB 189*1 (8»UI). FdU. dn Asbophm Inb 
WflifplilHTitMbsg 3. Mr. 3 (1907). — Hsu nr Bssttnuamig dn 
taa Baas (d. h. salssbalb dn Tuina dn Knastntaslni) aaoh ofai Vsriatami bsmulaban. 
das dn tad dn Bdamtamnnnf i>— aiwibA— 4^ yartatfan ter gn- 

hdaaan ntyslriht , Voacba dls n Fir. Oodmaasms la dlsan BUrtaaa 
dniL ladna Bnaaktaiifedfc dn — 

4 A. Kovnr, titan Os Bsassan dn 
176, B. 

« 


. 149 (19CV). 

Aas dn Bsotaaetataafn 1893 Apr, 6—B 


Knmnlisi 1903IV. AH 




Zifl.15- 


DJe Ifignlailmn dar oeaartn Untmocbnnfao. 
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Komot 1908 III . . . 1 — /* — 62 (A. Ouon) 1 

(Hounoun) <*-73 (3. V. Qblov) 1 

— 162 (8. V, Omutvt 1 * VwriiUJi— 

— 105.3 PoiKJWni) 1 TaOe dmriben 

—151 fN.T.BoKxovTOtnjrJ 4 * & SatawMw Ita 

— 88 (N. T. Bom o t ubpw )* 

-156 (S.V.Obxov)» 

Komot HiUiv .... — 191 (A. 0 non) 1 1 DliJba 

— 70 (S.V. Om Lav? J Scbwrifvolk* 

Dio seeks ontanWorta bdm Komotan 1906 HI rind bub venchledeneaTdlen 
rin gr 5908 OkL 15 Us 17 beobachtaten groflon SchwaUwoIke ermlttell; der letito 
hb b ewogtor Schwdfrnttarifi vom Okt. 1. Dio crhohHcben Untaaddoda xwtachan 
den War ton Bind anschoinond sis redl ansmehen. Bcsondere nsch den Untor- 
sochnngen van BcmxovifiKarv haben rid 1 vocschiodone TeOo der Wolke mit 
gins vorvchiedcner Boeddetmignng bawegt, bo diD die xn gMchnr Zdt vom 
Kamo ton amgeBtoBene Matarie untar votscMndencn Ropalrivkrtftaa der Sonne 
stand. Dio Warto bdm Komotan Halley bernhen suf bcw c g tc r Schw df ma tarie, 
die 1910 Janl 6 Us 7 richtber war. 

Dio varatahcndcn Worto rind tdlwetao dnrch NibonmgHvcrfahren hergeldtat 
and rind denhalb nkht alio gldch richer. So kammt don Wortan 1 — ft — 156 
balm Komotan 1908III und l — u —« 194 bdm Halley ocben Komotan wonigsr 
Bodoatung xn ah don flhrigon. Dio fQr dlo Koznetan 18931 und 1903 IV von 
Kaprr aus rflnmlldion Bahnon ormittelton RepolrivkxUte dflrftan andorer- 
■Its erbflhton Wort boritxon. Begncrinma v r u rt 1st nodi* dafl din BmiULHlEiche 
Hotbodo dor B mllumiu ng dor Hopdirivkratt ans don Syndynamon fftr den 
HALLEYBchon Komotan dnon Schwdf vom H.Typos mgab, wflhnmd die Bewogung 
dor Schwrifmabcrio xn groflen Wortan dor Rnpnlrivknift fflbrtj dlo Unrichoriidt 
dor niton Motlxxlo trltt hior beeandoa dcut- 
Uch barvar. 

Dio out Grand dor Hyporbdbehn bo- 
rodmoto Gcadiwindigkdt der Schwdfmetario 
hfllt slch in dnrebans mAUgan Gronxen. Sta 
wadis bdm Komotan 1905IV van 1903 Jail 
34,48 bis 24,81 von 45i7kntyiac an! 51,8 km/mc 
an. Bofan Komotan 18931 (Swift) rind dfas 
harodmoton War to dor IkbngCBcbwlndigkdt 
dor Schwdf matario In alnor Tohollo bdgefOgL 

Din AnfingsgoachwiiKllgkdt botrng bdm Kesnotan 18921 1m ezatan Fall 
43,3 km/soc, Im swdton 18^2 km/soc. 


Gaichwind Igkolten dor 
Bohwolfmetarla balm Komotan 
1893 I. 


urn 

haM mi |hM» 

April 5.0 

43,7 Mri 35,5 35,9 

6.9 

53.5 36.5 410 

7.P 

64,7 37.5 61^ 

A9 

773 

109 

104.7 


1 A. Os loot, Nooe Konaoie sar UrimbootlnuBVQg dor Ko—teneohsdfm a fari o aefaat 
Anwndnng mi dm Komotan 1908 0 (Hamtanh). Pmbl. dar Unh>8taniwarto JsiJaw (Dorpet) 
XI, H. 3, 8. 1 (1910). 

1 8. Oblov, Komot 1906 0 (Hemtadh). Neohriohtae dor Him. Aalnwotn. Confab 
18, B. dO (1910}* 

1 K. Pdkbowbju, Dto B swap is g der flnh iwl fm o —a the Komotan 1908 0 (Mon wi ogn). 
AM 184, & 3 (1910). 

4 N. T. Banonmcorr. HoHoe of Valter In the TUI of Cornet 1906 m (Uouioiax) 
Liok Ban ij, B. itfl (IWB. 

1 B. V. Oblov, The Deform 1 m tkei ol the RnjralrivB Amo of tbo Bnn in tba Tsfl 
of Comet Umbna) (1908 XU). H A J 1. Haft 1, & 73 (1984). (BhUl) 

l A.Oiuta,Dlo Bw ^ iMd»B d n »riBrtditaM»dfdn H i U XiBdw IoMlai a m 
d. n. 7. T«ni 1910. PnU. dm Unlv. fitannmrta Tnrjow (Drat), ai, H. 4, B. 43 (1911). (Bmb.) 

* 8. V. Ob lot, BmUbubsbi dar B epuMra aft dor Bo nn e. (Thmaheli.) R A J X, B. 3, 

& 4 (1935). Dkeer iwolta Writ (70) bt bob oMUab g r O O wem Wih a nhlTiB» on et Brial ria 
der Wort I94.ta|riritet. ■ 
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Kap. 5. A. Kami Kauatai und Hfltnm. 


Ziff. 15. 


Anflcr dieaen Beobechtnngen i» BewegangavtagOngen, die rich anf rnehr 
«W wrnl g er Tuny ZdtlfiOIDC Ws IQ mehnnn Tftgen cnrtRCkan, Vnrmtwi nnrh 
bed rinwhwn Kometen am zwed aritUch eng benachborten Schweifaulnahmm 
uumlttri bar Werte fttr die Tnomertmne Gcechwindigkrit der Schwrifmaterio her- 
gelritet warden. Snfehn Besthmnungan goatattisi ebaa- 
faHa gam brcnchbtrc Wirto fttr die R epu l rivhi aft der 
Sonne n mnittrin 1 . Die Hethodo wurdo bordtn van 
R wmcwTi t brim Komutmift^ II 1 angewuudot, wolid or 
den Wert 1 — fi — J6 find. Vcnchiodnnn von A. Kam 
bdm Kanetai 1907IV durchgoffihrte Momngan and 
Hechnnngen* * eigaben an den dnaolnon Boobochtunga- 
tagen Gem&windigkriten, die sn atnrk vmchiedenon 
Wfften der Repuhrfvkraft ffihrtan. Ala TagoemltW 
fanden rich die Werte der bolgafflgten TabeDo. 

Daa amgiebigrie Beobachtangamatoiol fiber die Bowognng der Scfawcif- 
materie liegt brim Kometen 1906 IH (M mmu umt) vnr, {fir du jodocli dno 
m— in mm fa Train Bearbritnng nodi fehlt. Die Mi ■niifiiin der Gcechwindlg- 
kdt 4 ergeben Werte, die dnrdutna mil den frfihnr angegebenen fiberulnalimmen. 
So warden a.B. bri rirarinen WaCkao Geachwindigkelten in bong out die 
Sonne von 2} bb 60 km/aec beoboditet; Jedoch kmnmen gelegontUdi in grflOmn 
Kntfrnmngen inch GeechwindlgkeltHi von fiber 100 k m /aec vtr. Die ana diffon 
GeKhwfauHgkelten bergeleltete mittlcra Repolrivkmft 1 war 1 — p — 95 . Kbenao 
hat ana ]e iwri knr* hjnterinandgrikgenden Beobachtnngen brim Komotcn 
1908 m S. V. Oslot 1 Wtrte vm dor Grfificnardrmng van 3) and doa 2- bit 
Sfacben davon omlttrit and brim HALUraachen Kometen* RopaMvkrflltfl or- 
halten, die den M Utel wor t 40 beferm 

Dio Her brim Kometen 1906 in bcmeikte Eradufarang, dafi din bed 
rinem Kometen bea ti n u nten RepaUvkrfifte rich ala ganasahUgo Violfacho 
dner Gmndzahl danteQen kaeen, trltt fibdgeoa inch aonat horvor. Dafi 
Mbnicw den Wort 56 , da Doppelte van 18, feetitollte. 1st bartdta angogobem. 
Aoch in oUger TabeDe fttr dn Kometen 1907 IV Hagen dlo War to iwhn bd 
Yielfachem an etwa 18. Daodbe k&mte man each mriir odor wanigor von 
den fimanen Wertei anf S. 470 and 471 behanpten. Win welt dieacm Znaamman- 
hang phyrikattache Bedeutong anknmmt, mnfl ant die Zakanft xaigon, 

ABe dime Beobachtangen, writhe ee errofl gHehm, dlo IUng i m g der Scbwdf- 
meterie bri Dmm Wegalifimen vn der Sn«mw hn rinaelnen xn wfolgcn and 
■agar der Babnbeathnmung an anterwexfen, bfldwn ring gttiucndo Bcstfltignng 
der anent nor anf die Schwrifibrmen rich atfltzendeo murimnjariinti Tboarie 
der K raus U kmchwrife. Die Vnranultungwi *■ Xhearle bwhwn honte katnon 
hypotbeUaLhen Charakter mehr, aandem rind Beobachtnngatataacben, on damn 
Reehtflt dn Zwrifri nicht mU g Heh ht. Deriudb haben anch all" rrin opttochon 


KapnlaiTkralt der 
Sonne helm K a ma¬ 

tt n 1907 IV. 

•W 

i -a 

Anf. 4 

7S 

7 

55 

9 

37 

11 

20 

14 

38 


■ A. Karvr, 
dm Aa ti op fcj e. Laet 


(-jA Bimnn , rna r lwhai, B. 330; A. Sam, Kino kfottmda 
B mU m mw if dor flaprirtvknft dm Soane, AM 18 % 8.135 (1900). 
immun , Caa atan i niii im. 8. 5 i*iL 



Ibv 


Prill. 


ILWc 


,wd “>• 

» 180. S. 121 (1909)- . 

• A. Xom, AM 182 .' 8 . 56 ( 19054 . 

■ .* ^ l***P nnpi f ^ HajwlriTkiafta dm Some in IbnatwiKlivritai 

■ww tirnAMtmmaa in— dor WotkiwhlVlM. (Bnataeb.) PobL da ratontoin Ctmtnl 
Aabopfara. da Koaata (1foaku) 1, IS (ffl. } ' 

1 S.V. Oslot, Anm. 7 , S. 471. 














Ziff. 15 . 


Die Erfr idi der neecraa Untanmehinn»n. 
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Sdwwifthoorien, wclcho M aa acn annetraxm, die mit dem Kocneten nicht in Zu- 
aamman hang stebon, fadne Exfajtonxbcroclitignng. 

Frellich hat die geoancru Untarsadnmg dcr photogr&phiach fotgehaltcnen 
SchmUphAnamano anderendte genigt, daB dcr Anwcndnng dor naduinfaidiai 
Theorie fan dnxdnen erhebHcbo Schwiedgkdtnn cni gu genstehen. Ea wank 
berdte htrvorgehobcn (vgl S. 469). dafl man rich kdnarwega xofrioden geben 
darf, wenn roan irgenddne heobochtoto SchwolHonn thctrotiach xn kanatrndmn 
vamag; man ronB vkdmubr die sa vanchledanon Zoltcn baobachteten Formal 
uf theoretiKham Wogo indnandor flberftthran kflnnon. Die* gollngt nicht in 
alien Fallen 1 . Inabeaondaro veraagt daa 
anfgcatcllte Kiitorium bed dan anf den 
photographlarhon Aufnahmen aiehthnren 
Schwdfatrahlm. 

Ala Bdspid bierfftr ad anf dio Untcr- 
sachnng der Sdnvdfatrahlon bcim Ko- 
nwten 1907IV (Damikl) 1 Terwfaaen, der 
die hkr bdgagebeno Zdchnimg (Abb. 15) 
octncmman iat. Sio onthBlt efaundti dio 
beobachtcton nnd nof die Tongentfadobeno 
an dor Sph&ro protixtarten Schwdfstnhlen 
(vgl, anch Abb. 1J) In dor Nlho doe Kopfoa 
and andoraraoltB die Synctymunen, die ndt * 

Httfo dor fttr dcnaelban Tag armlttdtcn 
Ropaldvkrajt dcr Scmno hargdeltot alnd. 

Ken arknnnt, daB dio Schwdfatrahlen 
kdnonvogn mlt den Syndynamen xn- 
aammenlallen. nnd dlcao Tatancho bleibt 
anch dann beetoben, wain man dio Ro- 
poMvkndt othr din Anlangnbodingaiigon 
varllcrt. Mankann juLtOrlkhdaaauf olner 
Anlnahnm richtbnro SditrdfbQd dnrch 
untspreebendo Wahl dor Anfangabedtn- 
gnngcn fQr anfdnnndu ri ol gp ndo Aoatrft* 
mungammumtu thoorotbeh Iconatrnlerai. 

Aber dio Schwdftafldian mtinon adefa bci 
Gtlltlgkdt dcr modtuuiiacbcn Thoorio atota 
anf Syndynamun brnrogm, and man orhilt 
dann sa dime andcrun Zdt dn Schwdf-' 
blld, daa mlt doro in Wirkltchkrit hcob- 
achtoton In kdnor Woiao flboroinadmmt 
Dio Schwdfatnhkm fflgon rich also lm 
Gagaraatx sa don Scfawoifiralkmi kdnee- 
wog» dor roochanbichon Thoorio do, and 
Schwdfsirahlan boobachtctrai Bowi 
Hun, ik Bokm ole ahoin dnrch 
bodfaigt*. 

1 A Koptf, Obar die B—l HwdlnMianha Ttonrto dec KanaetmechwdJa. A N 179. 

31 ■ Ana!? 3 , B. 473: vgl. aaah A Kaevr, Dbar die bet den nemwea Koraetn photo* 
grvphiertea BdmrifabaMea. AH 194. a 143 (1913) a. 197. a Jl7 (1914). 

1 VgL V, Wan. Uberdaa BdnreLf deeKnraton 1000o ( Mcienw ). AN 1 B 0 , a 1 
(1000) mrie F. Baldst, Sot lei flkmeota Mbabane de la oomftto Moroocn (1900 o). 
CE 101. a 272 (1915). 



Abb. 15. V«|lek* 6m 8eb**ifcfar*htai 
tofanKo«ataal0O7lV(DAXDa) mlt tifc> 
rotbohoa Bynd y n a maa von A. Korvr. 

man darf doahalb anch dle.boL don 
nn gavurg flngo nicht ohno weltera ao auf- 
Wlrkung aUkcr Rapuhtvkmft der Saone 
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zicr. 16 . 


Kip. 5 . A. Kami Knm * m nmUftton. 


Zu erwAhnoi 1st nodi, dmfl Koftt trotsdem varsochswciie die Bcwagung 
KdtUcba- ScWfpartlisi beizn Kmmten 4908III (Momoua) dnrch dne 
ReaaUvknft da Soddb dergstellt hat 1 . Dtthd baben rich anBenndontHdi 
hnh* Worts der Repulsion ergnben, die die Attzaktloa nm das 1000- bit 2500focbo 
fljOTtrigen. Ob diesen Betrflgen resile Bedentnng snknmmt, 1st vflfflg ungo- 
WUrt; gjje %a aHnHrh hnh«n Betrigen hnmm t pian inch, woon man die Bo- 
W Mnn m rg rfng n lm TTn m w to il m pt rein msr.htnlach in dsnton vonocht 1 . 

So wmtgriknd also anch die mechanische Scfawriftheorio Imstanda 1st, das 
Fhflnamen da KaMtemcbwrife in graflcn Zfigsn darsnstsDcn, so tragllch fct 
cb dnrh fan AngenbUek, ob dns rein medianiadie Doutmig oiler be oh a riit otcn 
TtnrfinhmngMi bA aTlrin nntST dff AnimTimn flinCT KupulrivkiUTt der SoiUlO 
d nn ji f Hhrwn 1«inn- 

16. Die Hater der Repulrivfcraft der Schon bold nachdem man 

okmimt hatfee, daB die Kometonachwdfe von der Sonne abgswandt rind, ling 
Tj>mn anch an. Hypotheaen fiba die von der Sonne exugehende a b etofl en do Kraft 
a nf”i■**!!*"- Jede nene Natnrkroft, sn der nna die Phyrik hlnfQhrte, words 
nr Deotoz^ dv Sdiwrifphflnamens berengengen nnd bildeto die Gmndlago sins 
mmen Kometsnthsorls 1 . Doch 1st die Frege nach der Natur da Repolrivkrnft 
mqh Ub bents nodi nicht Ti1rm wl/3innd geklArt. 

Kapt.nn hit jrhnn Drnckkrlftfi des Lichtea fQr wihrerhrinHch gohaltenj 
Nrwrxnr an den Anftxieb, den die Gass der Komotonsc h w clf o to dnem 
Wdtenranm offiUenden Median erfahren kflnnten, wfihrmd Edlib wiedor- 
fam ver snebt. die Drockkrtfts des Ilchta so hcrwdmnn. Ala man dann die 
dektrbeten Krflfto pmmr kennenlonto, war ea natfirilch, daB man ale anf das 
S^» w l f |i tinn™n anwundte. Olbxbs hat (4842) die Anrioht ansgsaproeben, daB 
man rich'bel den Kometenachweifen achwerilch enihalten kann, an otwea nnscren 
elektrischen Andehnngai nod Abstofiangen Analagea so denkon. 

Die Untmnchmigan wan Btmhel nnd BsKpiaaiM, dkt sich sanAchst daranl 
beechrftnken, den Betzag dWw RepulriYkreft am den Bnobariitnngon m ar- 
mfttohi, slttbLen on tangs die AnIT i gnn g, daB die Bevregung dor SdnraUmatalo 
anf wn t g u g w y n t ati i wlw k F ug t wHrhw T_»fhmg Hbaw letstCRin tnul dor Sonne 
xar&ckxnfOhrm ari, rine Anffasong, die vor sBem anch F. ZdLuna 4 vert roton 

hat. Bariiinfif v wwvhfn mghJrfi nn twr tW Annalrmn wlwl rt r ral■ HtTvtt TjiHim- 

gm rinen ZnMmmmhsng swfac hen d ar Repilrivkiaft nnd dor bhomlachon Kon- 
sdtntkm der SdnwHfmatirle anfuiflncVn , indsm er die Drnckkrtlto nmgokohrt 
proportional den MnMmhTgBwlriitBn aetst; die nonersn Beetinmningen dor 
RepnUvkraft hahen aber die Ezgebnlae Byimofn t s ebe ns ow eul g bcstAtlgt wle 
die spekboakoptahen Befnnde f pgL Ziff. 44 a 468). 

Da Versoch ist dann anf anderer Grundtege van A. Bxlopglski 1 wieda- 
holt warden. Letsterar geht von den nenen Vantellangen fiber dan Anfbon 
der Materia ana nod boedmet ans d*" Repnlrivkiflften die Zn- 

■ mmfmwit xnng der vereddedenen in don SdrweUen vorimndenon Mnlekfllo. 
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Nlmmt men an, dafl x. B. die Element© des poriodiacben Syiterna ana Haitian 
nnd Wa — ta g anfgebant find, nnd eotxt man winder die RepoMvknft 4 — /* 
outer der Annahme, dafl dloeo etaktroataikcher Natnr ixt, nmgekebrt pro¬ 
portional dem Molekulaigewkht, ao kflnnta etner Grflfle a — 2Q du Molekfll 
4(5 He + H*), dam Wert /* — 40 dai Molekfll 2 (3 He ^ H^, odiHoBHch 
u mm 195 dae Molekfll (Ho + HJ mtiprecherL Din a nlhnn Ob eHe g un gm gclten 
m g qw lwua Grenaan anch, worn on SteUq der doktriirhoa Abataflhng der TJcht- 
drnok tritt. 

Ant die Bedontnog daalichtdrnckB fftr die Erkllrung daSdm riflnfliednfflig 
iat am die Jahiftnndertwendo lest gkichxnlHg von vcnchiedmen Sdten, meat 
van St. Amhhk w i pb, Mngewieeon warden. Die phydkallache Fandnmg hmtte 
m diamr Zott doe Wcacn dioeor Natnrkralt gsnflgand goklAit; die thoarotiflchen 
Untsrvachangen van Maxwell n. i. fan den dnreh. die Versodbe von I^bxdiw, 
Nichols nnd Hull cine voile BestAtigung 1 . Dor Lichtdrock moflto also not- 
wendjgarwdsQ bci der Deutnng der beobadxteten Erachoinungmi In Betradbt gc- 
logai ward en. Bn a* all dno van der Sonne axugehande RepoWvkraft wiikt, 
■o echlen er <b»« Ko mcton i liBd in naflerardantHch einfachcr wetae in ldeen. 

Dio VcAaltniaao bodorltcn jedoch dner qoantitativen KJflrnng. HJor 
eetsto xuerst die Untonochang von 1L Schwaszschild dn*. Fftr dnen kugel- 
fflnnlgori KOrpcr, denon Bhncraaooen grofl dnd vergUchen mit dm WeBe nBng en 
da llchtcs, iat dlo Ropoldvkraft nmgokehrt proportional dam Durdunoaecr nnd 
dor Dichto doe Kflrpoi; der lichtdrock wflehat alio xnn&chxt mit ifanehmendor 
Grflfla dn Kfirpara. Jodoch gel ten die elnfachon Boalehnngan nicht mehr, ao- 
bold die Tdlchon von dor Grflflcnardnnng dor WeQimliiigim warden. Hlac tmtnn 
Bongnngmrachdnnngaa ein, and dlcec bewirken, dafl die Repnlaivkriit dee T.lriit- 
dracJma Me xu doom Maximum anwflcbxt mid bd dnem Klctnarwordon der 
Tdkhcn wlodorum aboimmt. Dio Untcmidinng von Schwaubchild fQhzte 
wchHnQHch m folgondom Kigobnis. Ftlr dnen Kflrpcr von dor Dkhte 1 (Warner) 
wird dor Drnck doa Llchton, wonn men aiuriramt, dad die ganxo Saananetnhhizig 
am WoHan dor Lflnga 0,6/* boat oh t, gldcfa dor Schworkrnit, eobeld der Kngd- 
dnrchmoaaor hb auf 2,5 1 hnrabdnkt. Bd wdteror Yerkldnnrung der Kngal 
wftchst dor Brock fiber dlo Scbwarkraft hinane, bis or eki bd dnem Darchmcma 
von 0,5 Z nm du lBfecbo ftbertrllft. Dfura rinkt ar nchneil wiador eb. Nimmt 
men dlu g url ng uro Dlchto dor KddonwiaorvtoTfa an nnd barflckrichtlgt auflor- 
dam dlo Gaminbitraliinng dor Sou on fiber alle WoflenlAngan bin wag, ao koinmt 
man achMUioh xu dnora Maximalwert fftr den Lichtdrock, dor dlo Attraktkm 
dor Sonno am du 20- bis JOtacbo flborptdgt. Dax war aber gnrado dor majdraalo 
Wert .dec HofmWoa, don Brnroramc ana dor Form der Kometenachwoifb ber- 
gddtot hatto (vgl. Zitf. 14, S. 467). Theorie nnd Boobechtnng orgflnxten Mch 
machd nonci in ftbumachend gnhr Wafae, and dor licbtdrock addon in der 
Tot cho BrsQhdntmg dor Korootanachwaifb vflDlg xa erkltren. 

Dlo Untanodnmgoi ScHWAxaanxn dnd dann von F. Debye* lortgnfftbrt 
nnd orwoltart waztkn. Debye bohendolt don EJnflnB das Lkhtdrockee auf 
Kngoln von heliotrigem Material, duraktaridort dnreh DielektrixJtftixkonatanto a 
nnd Loitfflbigkalt a. In da DUknadan nntonduddat a iwinahon vpU ko t nm en 
r efloktiecendcn Kngohi, ■nb’bm, dlo das Ildrt dnrddaaen nnd a entr enen, aba 


1 V|L Ura aeoh W. Wnrnui, Boridit Ibar d(« Draakkiffto aloktraM|Mt 8trahtetif 
Jahib. d. HwHoakt 18, a H (1031). 

1 TL BpswAiaomuD, Dw Drnok dm Iiofata auf Uafaw gngda nad dla Anbiwl—jkn 
Duarte dor Knnwhu a nhw oUk. Mflnnhwur 8lb«a^Bv. 31, 8. 303 (1901). 

* P. Dim, Dar Uohbtnuk anf ITngala Toe haHaHgnm Matnl. Ana d Hrjn (4) 30. 
a 57 (1909). 
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Kip. 5 . A. Eom: Komelen nod Uitm, 


nicht absarttcren, and achHefilich abearbiennden Kugeln. Fflr cUo cntanrn 
warden die Ei g e b z da e von Sctwambcbud bestfltlgt Fflr dlo Kngdn da xweitan 
Klmae errcricht das Yerbflltnk m Lkhfcdrock so Gravitation wiodemm dn 
M nrlm nm, daa aber enter dem fan g itan Fall gefamdenen Wffto blefbt Im drittan 
Fall atrebt d fa na Vohflltnfa rait Viawar vadendam Kngdndhn rincm imdUrhwp 
Grenxwert n, bo daB bed gc w lami znlttbrsn Abe uraQon avafa&ltn linen koine 
enters Grans fflr die GrflBe der Tdkben eariatlat, die dnrch den Lichtdrack 
von da Soane weggeechleadert waden kflanan. 

Benita F. Dkhvx hat daranf hlngewieaen, daB der Lkhtdmck anf dlo 
■doktir ahaartdasDden (and reemittierenden) Efauelmalokfilo vurhAltnlamflBlg 
vied grfifia 1st ala inf rtirinktriache Kngeln. W. Baadk mid W. Pauli ja. 1 aowic 
A. UmbOzjd 1 haben dU^ Verbflltnfa* gmujmr xmtanracht. Die bddan ervtcnm 
solgen, enter Umetflndcn da Lichtdrack die Gravitation nm das lOOfache 
imri mwtrr fflwnlriy i harm Nach UmOld Bind die von Baade nnd Pauli 
p fmwViwn Wots aTUrrHng m mi t rVm Faktflr XU irmlH phriw mi- Wio wdt 
dtne quantitative tTbadnatTimirang iwfachen den ana da Bowegung da Schwdf- 
znatais hcqjeleiteten Werten da Bopafaivkraft and den thearotiachen, anf Grand 
da Efaktnmentheorie baechneten Werten wfaanden 1st, lflfit aid) gegmzwflrtig 

Imirni i g wi. Um ttttiB TiWm die ■infa ny npHTlian Ruf imdo hOUlxlcben, nnd 

die Deutzmg dea Schwdfapektnma fat befate nodi kdneawega goalchert. Schnrfbt 
mandfcSdnwtfbandendiHnCO + tmdNJ an, aoUmemans. B. anf dne Repnlaiv^ 
knit vom Wert J8; die beobechteten Wote Bind snm Tcfl bodentend grflfla, 
aba fndHch inch nodi ndt abebticha Unafchaheit behaftot. Boaondore 
Schwierigkzrit beraitet daUmatand, daBSdrmafo von ganx veracHedencm Typoo 
anachfaneod daaaribe Spektrum betitxen (vgl. Ziff. H, S. 456). Noch grfiBcr rind 
Wohl die SchwierigHton, wean man die Gcaamthelt da Scb weHanyiH nnngen, 
anch die xaach vertnderikhen Sch wg Uatra hlen, rain mechaniach decten will. 
Man also, aoweit man xnr Zrit benrteflen h»™, ndt dem van da Soane 

niMgrivmiVri TJrditdrnrlr kdoffiRp am nnd hat AriiaTh anrh vOIDCht, (tie 
Annahmo etna Bepakivkraft da Same in vaaddedena Weiae an srgflnxen. 

Dies hann nmdi gg riwriri TMdi timg Mn pa pl whM . lfan fawn onnrfwiwij 

daB da Kametaikopf oda anch da Scfaweif *nw da Site irgendwolcber 
Krflfte fat, wekhe die Baregnng da Sehweffmaterfa beefarfhoaen*; man kaim 
mdi annehmen, dafi |in>| » Wa hrn e hmiin gen fan Sdiweti rirfi mn teilwolao anf 
rein mechazdache Vorgflnge beaiehen, nnd daB wir snm Tell lefaie Lcmchtvcrgflngc 
lnnedulb da Sdzwetfmaterie beobaefatea 4 . DnrchgearbeltDt fat bfa jetst koine 
dleaa Hypothoaen. E. D; Box mid W. P. Graham* haben daranf hingowieean, 
daB inS fllLOtw —lww TddUD jMl dan Kiaftlfadai wntlang dio dfTTT b 

daa gemeinaame Kraftfdd yon S"*™ tmH Vnnwfwnhm f Wntind rind j 

in da Tat habena.B.dievanllAXirxi£geaekfanotcnKrBfiUiilen l liiibrexnVedBxif 
mazfabadei AhnHchkrit mit den phn t ograp hfacb beobachteton SchwaUatrablen. 
F. Balpct t andereradts will die befan Enmetim 4908 m (Hoeehouee) wnbr- 


1 W. lUan» a. W. Paolx Jr., tlba Am csf die Trilehen In den ifiwiw iaw fii » rii w i 
frtbtn a trahleu p d ie u l L Ifiterirl— muIl IS, B.49 (1927). 

1 A. Qn&A tltaer die Btrnktnr der KnsnUnte Unfa nd dfa Dvnamlk dor 
SDonnhnnupiiaza ZfPkye 44, &803 (1927). 

1 Vgl. a. a Lick Bull 4, & 178, (1907); A Knar. PebL dee AatzaQhn. Itwt Kflnfa> 
riuhPB^ribn 3, & 140 (1909). 

* V|L l£ A. Bun, Asm. 3, &474. 

■ A D. Bn Jr. e. W. P. Gbaxax, 0<meiHnr e iureKer Thoory of Cornell. A H 187, 
8 .17 (1911)- 

1 J, Cl. Uazwkll, A Tmthe oo TTlerirWtv end llegnetfam, II. iui, 

T F. Bazdr, Snr Vae fflemenia MtaAkn oe la comfaa Mamom(1908c). £R 161, 
& 372 (1915). 
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gcnommoncu, ansduiixmnd achranbanffirmig gewimdamn Strahlcn anf dn magne- 
ttachea Knftfeld xurflekffiinm. Doch bodfirfcn, wie borvoc^ehoben, alia dtoae 
A nnflhnwm dner dngohenden Nachprtlfnng, bcvcr rich fiber Jfaren Wart ctwaft 
amangenllOt. Gcgcnwfirtlgacigt rich nnr. dnB wlr von ringIflckenlnwen Dcntmig 
dcr boo bach te tan Erachdnnngcn noch rcdrt welt entfcmt rind. 

d) Die Meteore. 

17. Die Meteorite. Dio folgandan Abachrritto aollcn rich vonriegond mlt dcr 
phyriechcn Bcaichaffenhdt dcr Hetoaro bcechflftigm 1 , Ttdli m fl—n e n d i him* 
wiedar, wio In den fibrigan Zwdgcn dor Astro no ink, an den Beobachtnngcn 
am Hknmol Schtflaao fiber den Anfban dkaur HhnmoUcflrper g aog m warden, 
die na tnr g em fifl von hypo the tiachom Charmkter nldit £rd eein ktenen. Zorn 
TeQ aber beritsen wir In don Motaor itan Bntandtello van Foanrimfleln tmd rind 
damit in dn Lege, die phyrikahschon and choniiadien Blgeuduften dkecr 
im Labantoriam n limit tribar fbatmutolkm. 

Dio Untainchnng dcr Metoorlto let dno wichtigo Anfgibo dcr Unonlogie 
gawnrden, and dio E r gobn fa eo Bind wiodahalt van mincnlaghdiflr Srite m- 
—mmeng ptaBt. Kb mI daahalb hicr anf aolche Spcodalworko vcrwloean*. Nnr 
cinlgc Punkto nrion hervorgehobem, die ffir dlo nutronoraiache Selto dee Problem* 
van baeandorar WlrhH gfcri t rind. 

An (km Ftmdcn geht nnAchst bcrvoTj dnO dlo Penerkagohi nun Tall bub 
churinm Kflrpcm boatehon; vidfach An dot man'each mriir ode minder xahl- 
rricho BmcbattkkD, dio anachrinend dnrch Zenpringon dnei cdnselnen Kflrpera 
im HammiingBpanld antutanden rind. In andnren Fallen let jodoch mlt grofier 
Sldwrimit onsunohmun, dtfl von tllom Anfang an die Feuorkugol ana elnor An- 
hlufongvon aahlroichcn kldnoron Kflrpcm boatand, dio alchin riner granatn- 
aamon Bohn bewogtao. Hkna alnd inabaaoeden die In tditartachan Zelten 
boobechtohm Stdnrogan sa rcchncn. bd denan tcilwciao Tanando von rinarinon 
Stflckon roxfihlt wordan Bind. Dipso grofian Faaarkogdn Bind dann in ihrom 
Anfban don Komoton vfSUg analog und nor dcr Grflflenordmmg nadi davon 
vcracbiodrai (vgl. 7i£f. 9. S. 444). Wflbrcnd Jodoch dlo Koraabm GHoder daa 
Sunnonayatoma rind. Iwdtxon dlo Fcoorkogcln rad* ton* intaritdlaran UrBpmng. 

Dor GrflOo und dura Gawicht nach idgon dlo MotoorlUs eohr bodoutando 
Untomchlodu. Kinaolno Meteorite wiognn 20 bia JO t, ondsro idnd kldno Stoln- 
chun; aahlluQHdi rind wobl each dno Anzahl von StanbttDcn 1 dan MatoocUcn 
iiuwrocfaoun. 

Nach lhror dtemiadun BeaduXfonbdt icrfalkm. dio Meteorite in Hetoor- 
itolno (Aornlltho), dlo ana Mlnotalon. boaondon Sfllkatcn, boatohcn;inMotoor- 
cliun (Sid or ltd), die no bun rdnon Kiaon tech Nlckul, Kobalt tmd Chrom aowio 
Klaunvuxbinrinngon (baaandcra mlt Schwofd) anthalton, nod achUnflticb in 
Zwiachonatubm (S Ido roll tba), dio dno Rdho von ‘Obergfingen. von don Metoor- 
atdnen xu dun Motuocriaen austollon. In dur litagd cardan dime Zwiachoa- 
atufim. jo naoh dom Gmd doa Anftarotana daa Elaena und dor IDnarak in nine 
AnxahL von Untacgruppan dngotrilt, dlo bol dan dmdnen Autoron mchieden 
rind. W wontUch lit hiar, dafi bd alien Motooritanfunden HborrinriAmmond dlo- 
•dbon Snbatanipn wio anf dor Erdo anftrotan; anffaUmd ist nor daa gflnrikhe 
Fchkm von Qnan, dor on! der Erdo boaondon wdt verbrdtat iat DaB in den 

1 VgL nuDar dm riapmffi (Aam. i, 8.426) anrftkalaa Bburilnoa LltanivuMpilMn 
dlo bonds frehor (Asa. 3.B- 434 u. Anau 1, B. 43d) yriril Hr do Hrtan ritbrta Worho. 

• Zam Ikkdri B. Coon. KetnorftaakmxW. I (1894) ■- H (1904). 8tnttg«rt. 

* YgL k. B. die Z—nmo—trihwg bd N. Kao. Asm. 1, S. 496. 
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Sap. 5. A. Korn: TCnmataa nnd Hotooro. 

Meteorites Gan enthalten rind, daren Spektram mit dam der Komo ton fiber- 
dmtlnunt . wmde frflter (vgl.ZiS. 10, S.445) achon.barvorgehobeii. Im Innara 
dsr Meteorite kt dee Eiaan van w^THntorhar Straktnr (WnncAmreTArrmcho 
Flgansn)! dan Anfla e hat durch das Anadunetasn moist (duo fttr die Mctenrlte 



Abb. 16 . Der Uataartt ran Tuvu. 


bounders charakteiatiecfae OberfWrhenhiwhhaffanhMt anganammen, dio a. B. bol 
dam in Abb. 16 abgebfkfeten Meteodten von Troym 1 ohna w cltur es tea. or- 

fcnniwn lit. 

IB. Die phjsleohaQ Wahmahmungen beim Mataoiphlnoman. Die Bebn- 
vcrhUtnlaK der Meteore tmd die sn daren. Ermittltmg du rc h die Beobachtnngoix 
gogebenen Gntndhgsn wurden bendts in anderem Zasammonhug dargmtdlt 
(vgi Ziff. 5, S. 454). An dieses: Sidle rind die bei den Motearemobrintingen un- 
ndttribar gesnechten Wahmehmnngen xa behandeln. DaB In der Bnfieren Er- 
w c hHnnn g Sternachnuppen nnd Feuerkugeln im aUgerndnon voodnanrier ver- 
B c hied e n rind, vurde bendts frfiber hervargehoben; entere rind stomartig von 
n a h e m giekhmiBiger HelUgkelt and welfiem Licht, letstero selgen viclfach rino 
fUrhenhefte Ansdehmrag, etoe stsrke, oft plfltiHche Lichtsnnahroe nnd wochaolndo 
Farben. BisweQen tzetan bed denefben Feuerkngel mw h n w w Iicfatanajdm a auf. 

Helllgkeit DieHriUgkeit derMeteore wird narfi Sterngrflfien angogobon; 
bd heflen Objektm dienen die Flanatsn n<W der Mrmd mm Vorgielcb. StetJa- 
tiache Untersodmngen fiber das Anftzeten verachieden heller Meteore alnd mehr- 
fach angeatellt wurden 1 . Neoerdings hat E, Oph 1 rine Methode ontw lckpU, Tim 
ana der Ansabl der an einem Beobachtangaort gesAhiten Meteore vwchifAaior 
Helllgkeit anf die Zahl der wirkUch gefaDenen (bla ra elner g e w in e en GrOOen- 


* Fa. Riraiw , Aafflartnag, BaKhrefbeng sad —n ii orihah T Tn< »winiii| dre 
Mataorttoa m Trey*. SdnUtan dar Cm. tax FOnL tor gm Ndarv. n Maxtafl^B. 91 

(lyiw. 

* TgL z. B. dfa Zaumoatillxafki U K. Anm , j f g, ^ 

* K. Ow, A B tiILm Mathnd of Cwiiittii Sbootiuc Stare and Ha A ppH * * **™ to 
tka Baorid Boa*r of 19SO, PabL da fOtasrat. Aatxno. da lTJntmttS da Tarta (Dcrat) 
at-Kr. 1 ( 1933 ); »**■ •tomto. a5. Mr. 4 (1931). 
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kbuae) su schHoBen. Die ah Belspiol gcgcbooo HAufigkdtrimrve (Abb. 47) bc- 
sloht rich anf Zahlangon Ira August 4920. Fflerbd bcdo ntet « bed dan Nlcht- 
perseidon dk Azumhl dor stttndUch beobachtetcn Meteoro dor besthnmten 
Halllgkult Wq. Bel den Porsoldon dsgcgai 1st « din entxprechoodo NorraaJ- 
anzahl, d. b. die Zohl der stflndlkh wubrgenGknmoncn Meteoro durcb dan cos 
dor Zcnitdtetans dea Rsdburtau dMcHert. Dk -berechneto Ansabl bed dmi Por- 
sedden besieht rich anf duo Intsrpalatoclache DareteHnng dor boobachtetan. Der 
Variant da* lag* sdgt dautUch die Ztm&hmu 
dor Meteoro ralt nbriehnionder HoDlgkrit. Jo- V 
doch vurlluft die ZumhnM bd dan Panddon V 
tndein els bd dan fibrlgan Koteoran der- ? 
sdban Zdt, 

Far be. Nobm den Angibon fiber die 
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xnaht nlcho fiber die Ferbo; doch rind h 
bd die Wabrnahraungen wogen der Kftrso 
der Bnchehrang wiodenun uuslchcr . LAngere 41 
gosannncnhfliig Bfid e Booba ch tun Mndhen von M 
grofiam Wert rfihron van J. Schmidt 1 bar, M 
die rich ver nllnra nnch auf Sternadumppan v 
erstrocknn. Bd dan heOon Mateoran 1st In JJ 
sahhrtnhnn Fallen dn dontUchar Fsibeo- XibTiy Htafl|kMtaksrw , 
wechsol wahrgonommen werdon. A. Wkh- mshk b fro Aigul 19 s 

xn 1 hat diem Rnchcdnung dngahend die- m x. Dp™, 

kutkrt und damlt stun oretonnuu dno systo- 

raatlsch aufgobanto, von rinbritllehm Gerichtspanktan aosgehenda Daretdlnng 
dor Farben bd holloa Motooren gegebeu. Sowdt as rich am gericherto Beob- 
achtungon hnndclt, tat In vlokm FBlIm (vgL Jodoch each S. 490) dio Ftrbe dor 
Meteoro 1m frfihon Tdl Ibnr Balm grfin, eta Stadium, wdchom nnch (tie Stern- 
■chnuppcn angubfiran. 1m Kritonm Tdl 1st rioHoch dn rucher Obergang nach 
Hot wihTTOnehnwn, der suglalch ralt doer bodentonden Iicbtantwkklung rrr- 
handon 1st. t)bar dio Don tang, dio A. Wkhcnkr dkacr Enchdnting gogeben hat, 
tat an andarur Stdlo su borichtan (vgl. Ziff. X). 

GrOUo. Nobon den Angibon fiber HoMgkdt und Fnrfao stohon wunlgstara 
bd don gmBan Motoaran nodi vkAfnch sokho fiber dio scholnbaro GrOfio; 
allordhue rind gorado hkr dio Boobachtungan robjoktlv itark bednlluBt und 
sura Tdl auch durdi IrradtaBon vcrflUacht. Abtr richer wtrtkm Meteoro von 
nohr orhchllchor Raumanadchnuug boobaditot. Wann gdogontllcb bd Ftnar- 
kugdn olnu Amdohmiog bta su YollmaidgrfiOo and darfibor angageben wird, 
so bodoutot dies in Uncaram MaB dno Kugd, daran Durcbmvaaor unttr Um- 
Rtfindcn 4 km fiborstdgt. 

Sahwoif. Zur paystachoc Enchdnung does Meteors guhflrt schHefilkh 
noch dor Schwdf, der h&nfig ata Spur dor Mebxsbahn riebtbar bldbt. Er or- 
achdnt stunt gtdchmflfllg boD trad gorado. Bd hrilon SdrweUon troten dann 
btawoOan motor odor wunlgir reach rich absptakmdc Vortndcnmgen dn, stunt 
oin ZorfaJlan In dnsdno lichtporlon, dann dn wolkanartiges Ausbrcdton, das radst 
mlt lobhaftoo Yartndcrungcn von Form und Logo vurbunden 1st. Die Danes der 

1 T. Scmnrr, tas ■abnJUir. Booh, tbar a br no a fa nup ponu Bortln 1853 (rfl. 

uwh dio AuuOfo tad K. Hu, Asst. 1 , 8. 43$. ftamn o Fp famTittins g w snoh fata 
K. Ons, Aim. 3. 8.478. 

1 A. Wxmn, Dmf Futanocbta groOsr llotoon, Vm Asia dL loop. Ak. 104, 

a 1 (1918). 
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Kap. 5. A.K am\ Komatmx and Hetaara. 


Zltr. 18 . 


gansen Enchrimnig betrfgt In rinwrtnen Flllen 1 / t Stnnde und darfibcr hlnaou. 
Anch bdTiga rind M nt iaorad iwdfe ala Randiwolkonrichtbar. C. C. Tsowbridcb£ l 
hat due grOBere An—H m S di w iUfb eobftcbtiuigon geaammelt und vurarbritoL 
Die darchachntttttchB Htihe dor nflriitHchen Eiachdramgen flndot or sa 87 km 
mit nnr geringer Stnmang; die bei Togo beobechtotcn SchwedEo licgon ttofor. 
Einige wtohtige Fol gerangen ana den Beobachtnngcn warden an apfitanar Stcflu 
envftbnt (Ziff. 19, S. 489). ' 

Spektram. Fttr die phyrikaflsche Erforachung don Mbtcorphfljimncna 
tit natflrilch die BpektnartcDptoche Untarrochong dor Loocbtoracbodnimg vtm 
groBer Bedeuttmg. In dner Bribe von Flllen 1 tot duo xof&lllgio viand to Bo- 
obachtnng dea Spektrnzna gelnag en, wobd man frriUch fiber dio Wnhrnohnm ng 
rinea krmtfammchgn Spektnnna, daa imachrinend vom foaton Korn horrflhrt, 
nnd Hlntj w beHen TJmwn nigh t htTMm^g nkmmnim felt. In wotohom UmhltfU 
e» rich bed dten Beobacbtungao am Iicfat dea rigontllchen Motoon handelt, 
wie writ dn Scfawrifipektrum mltbeobochtet warden lit, UUt rich im dradno n 
■chwc —gen. In riser Rrihe van Fallen* konnte daa Sdiwrifapcktrum allrin 
wa lir gP Kim gKai weiden, doch rind ouch War die Angaben uniichcr. 

Von grfiBenam Wert rind pbotogrmphlacbe Auf- 
TMbmnn dea Metoaripektrurra, din bla jetxt abor nor 
in aritenen Flllen griungen rind. Audi bier 1st daa 
Spektmm tefla anf daa Etoht dea Metoaro aelbat, taQa 
anf daa dor Spar xarfickiuffihnm. Dor onto Fail bo- 
debt rich am rin belles Meteor vom 18. Jtml 1897, . 
fiber daa E. C. Picmawo* bcrichtot. Daa Spektmm 
beatand ua aeeba heflen Union, daran Wallonllngcn 
and Intend tl ten hi der ang effigti TabeHo nuammon- 
gextefli rind. Vler der varm t— enen Banrinr warden 
hlebri van E. C. Pickkrihg nrit Wimnretaff identiOxtort 


Zwri andne Spektralanfnahmm van Meteorvpunm rflhren von S. Blajko* 


Aftwr 1904 Mai 11 
(nufa Bujn). 

Makar 1904 Angart 13 
(aadk Bujid). 

her. Dto WoUnnltogon der 
halliten Linlon rindwiadar- 
am tahollnrlach samnuntxw 
goatellt 

1 I— 

4 

ta. 

3573 ; 3 

3743 

3 

Dio Doatung dor Linton 

3639 4 

3790 

2 

tot htor anricher, da dto 

3743 4 

3636 3 

3857 3 

3603 

2 

Wollonlingun stark fohtor- 

3891 

3915 

10 

2 

haft Brin kdnoon*. Blajko 

3934 10 

3993 

5 

aelbat Utontiflxtort dto U- 

3969 3 

4037 

3 

nian ala aokho (tor Btomentc 


, Ca, K, Mg, He und Tl. 

A.WBOEinat v vennutet, dafi die h ddmhdtoien Linton J 3954 and 1 3 891 Identtoch 
rind and mflgifcherwriM dem Sttokatnff angohflnm. Audi C. C.TRDWH*TD<a vm- 
tritt die Anfh a mn g, dafl daa Mcteonpe kt nim vor aOem dem Sttokataff angehfct 


Uotav 1897 Jnri 18 
(—eh H. C. Piianiwu ). 


i 

in—.; ft —b 

3954 

40 ' ff f 

4121 

ioo Hi 

4195 

3 

4344 

13 H r 

4636 

10 

4157 

10 Hf 


Kctani at llttaar Trmh*. Ap J 26, & 95 (1907); nt 
1 VgL dk Im un—taUnng bri H. Kivan, HaaDmab cfer 8—Urorimdo 5. 8. S8 

i!S3 **** ft00, "**”£*«* io. & M 

1 iff 1 Z j— wm nMtaThim bri C. C. Tao wnm ii, vorign Ann. 

• WSf* bSJES1 ^ (1W) ' 

T A. \Yunom. An. 3 . 8. 479 . 




Z10.18. 


Die jihyrienlmi Wehxaehmanycn helm kMoocpblnanxm. 






ImUm 

■ v assr 

AuSmwUxi . . . 

115 km 

155 km 

109 km 

nriOaohen. . . . 

B8 ,. 

98 .. 

86 


tmd duo Fbaapbaneaunutrahluxig damlhen ist But notarial'lit im genian 
noch OnBantt ltVcknnhaft; waltero Beobachtnngen rind vm hohem Wert, Anm 
do warden mit Sichorhdt enhschdden kficnon, oil dlo Dfljnjrfo der Hotoanuhctam 
tench ten nrier dlo daa Motoor umgebondem Lcftachichtcn (vergL S. 493). 

Hflho nnd Goachwl ndlglcolton. EDr dlo phyidkaliacho Erklttnmg 
dor boohachtcton Emcfacmnugnn lit nun die Kanntnln dor Hflhen notwondlg, In 
wdchnn rich cHo Vnigflngo abepdclon, und die dor G<echwiixligkBiten, wnlcha dlo 
Motonro wflhrend dm Loochtvarggngaj bcritm. tlber dlo Hflhe da* Sdiwrifo 
wnrdu Iwrdti S. 480 aino Bomorknng vacweggcnomnion. Obc* dlo Hflho da 

Aoflcuchtoiflun dKr- nohn dee An lie flattens nnd Erlnsehoni bel Stern- 
lflBchora dor Hotcara ■ohmapiiea. 

wdhet rind mhl- 
rckho statUtiaclu) 

Untarrochnngnn van 
E. Wmbb, H. A. 

Nkwttin and bam- 
das G. V, Ndobl dnrchgoffihrt warden. Mach dor Zraunnknutellung die 
lotrtorcn. 3 - ealon dlo folgondcn Ergobnlaw horwgeboban. Fltr dto Sbnuchnuppcn 
wnnlcn die nebomtebond gogabenai drol ▼anchiodanan Wcrtepoare gofimdoi. 
Dlo Lcanidcn ntsm elm hflhar tin andara Stomachnuppon dn. 

Fftr groflo Hatoans argab rich ah Hflho ftlr: 

Anflaaohino .. 139 km 

ItriOeobea... . 50 „ 

Jn ntark vorachlodmum HDhen llogt dor Hnnnrangapunkt lid den Mntenrcn. 
G. v. Niubl (nod ala mlttlero Hflho fttr: 

14? E wurkm ehi oboe Detonation . . fiukra 

57 detonlenodr Meteors.31 

16 kUBtxltmflUlfl.aa .. 

GrAOaro Metmnnanon gnlnngpn oho infoige rnlativ goringoron Wldoratandei 
Innorlialb dcr AtmouphAru in tlntaro Sr.hlr.htun. Elne writaro ZueammensteUnng 
von NraasL gibt don ZnaammonTumg nrfadum Kodhflhon tmd DnichachDltta- 
KOBdiwindlgkdtai. Dfcao lotstcxm rind unmittolbar ana don Boobachtangui her* 
grid tot, wdcho don In ckr AhnwiphAro 
sntflokgdcgton. Wog und dlo Sldtfber- 
kdtadaaor to amdttdn ga tat ten. Dims 
Gcachwindlgkoiton warden fast an«chlic&- 
llch each dan BahnbaitiimrmDgcn bed 
gmOon Uctoanm ngrundo griegt. Ala 
Bdajikd ndan nahanataiumd dlo Daton 
for duo Gruppo hdgofflgt. wdcho ana 8 % 

Stnrnachnnppon, 27% grofimlfotoanmund 
65% Veoanmgdn bratoht. 

In alien Fallen xdgt rich, doll, Jo tieiar dor lindponkt Hagt, deato gtsingnr 
nuch dor Wort dor mltttunm gDOwntriichcn Gcnchwindlgtarit let. Niubl tchiioQt 
hlaruna, doQ edn Motoor tun ao tlofnr in dlo Atmsphkru rindringen kann, Jo 
goringtr arino ufaprtngtidio goorontrlicho Geachwfaalgknlt wnr. 

Dim Daton ndan nodi dnrch ulnigo Angnbon ana einor neuonm Untar- 
BUclmngvoaA.WKanmt , crgfli»t. Mr Stcmachniiiipon habon boraltB F. A. T.urm- 
uaxm nnd G.M.B.DoBBox a nochgowkeon, daB dieEnrihflhan *wd HHnHgk?dta- 


Dsrahickalttagseobwlndlgkeit 
and HadhOhe bat Metaorea. 


■] - 1 - 1 — -1 Dan*- 


76,8 km/mo 

116.8 km 

72JQ 

•43 

4tt4 

745 

49,4 

58.9 

447 

340 

36*6 

341 


1 G. V. tfnie*, BacjkL dar math. Wlm. VI, a, Mr. 40 ( 1910 ). 

1 A. Waaataa, Anh&ia- und Kndhfihiai gniflar Mriaora. Metaorol J5 44. B,' 381 (4f07)> 
1 LUarato bri A, Witapm, forigi Asm. Vergi. each Asm. 1, B. 488. 

31 
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Kip. 5. A.Koavi Kamriin odlMaan. 


ZULU 


maxima. nigon: sSn nntera akondAra bd etn 45 km nod din oberea Honpt- 
maximnra.daBlm'Winterbd 75 km, im Sommer bel 85 km Hfihe begt A. Wxgshkr 

Txflfto mm dleae GaetsmfiBiaknlt fftr 

Abhlnglgkelt dir Anfanga- *nd Bad- V r a ..r _ 

hOhan von der geo*antriachenGeaohwin- gofldMetaoifl ( ftpf G rnnd da ngnm 

digkslt. KfltftlogBVPaNikaBL-llQmajgiTO 1 ) 

—— - -■-— ZZZZ — nach. ZunAcfasterglbtdiebdgefflgte 

i^ih uili TobeUa den Znmrnnmhang xwi- 

———- " acben geountriaclwr Geechwindig- 

iiokm/wo 236km t36km krit, nrittlow Anfangi- tmd End- 
go «7 £S Mha. 

Bo 4B3 74 Anffallend 1st bd dlaer Tabelle, 

TO 149 (S3 dftfl In diner Kndhflhn von 47 km 

® 138 S3 anrii dlejenigen Metecre enden, fftr 

40 '444 47 die doe galngae Hfihe snormrtea 

30 IJi I! gu w ami wire, „In 47 km Hfihe 

ao sa 44 schdnt ein Hindcndi sa liegen, das 

1 ? 66 as anch dlejenigen Metooro ab&ngt, 

die inf Grand ibra raliupBn Ge- 


aa6km 

136 km 

ai7 1 

96 

177 

98 

183 

74 

149 

63 

138 

S3 

- 144 

47 

131 

47 

113 

47 

sa 

44 

66 

38 


dle 


ibrer galngeten Ge- 


idnrinjMjnH bo&Ugt aedn ■"H4 *ti j defer hlnahsmiringcn.** 

•nio ^TBTiflgtr«jf« w 4wnmig da Arrfmngi- nnd Endhflhen dud wiedornm In 
clnar Tabdlo saflammengaeOt, bei dor xmr die P a t e n nnter 1 50 km Hfiho ge- 

Vertallnag dar Anfinga- nnd End- rind, _ 

h6ksa dir Hitiora. AmhfinflgstanbegtnafindieLencht- 


bebnen dor wn tqnmchtwn grofien Me- 
tecra bd etwa 100 km nnd enden bd 
}0 Hi 40 km. Kin seknnd&na Maxi- 
TTinm der Kndhfihan llegt bd 75 km 
Hfihe. Bio Gantxm fi flgkrit lit elao 
IhnHdi win bd den Stenschniippea; 
nor 1st bd letstaendaa bfihergelegeno 
ffam TTmphnarinnTm , bd dm grofien 
lf w 1w«T »n fln g w g w n trli t du obSlMul' 
TTTTIffl itirk tnr flnV . TOnw g mxmum 

Untnodmng imfntny i Hlnfigkdte* 

mqtlwmiim oer Knrihflhm fdgt, dlB 
itiw gp gatwlt Igt, BdrinaEintdhmg 
da kahcfak in 5 kro-Stnfen treten 
nd Maxima bd 50—35 km nnd 
_ 45—50 km Hfihe anf. Dlae Gabelnng 

mhrint reefl. sa Bln. Hnn Ancrdnnng der TtnHMO^n Tiaiji p wm m t TUrhm Ge- 
schwlndlgtodtBn dnmdta und Jsbraadten anderasdta erpbt fftrdu tmtoo 
Maximum dne nnvatnderte Lage; du obere Uegt fftr kMna Geabwindigkriten 
und 1m Winter bd 70 bb 80 km, fftr grofie G cac h w liirtlgkrftm nnd bn Sommer 
bd 80 bU 90 km. Die Schwanknug nach Jehrandten entaprlcbt bier der von 
Lnmmumr nnd. Donov fftr die Stma diuup pe n gefnndensn. 

Die hfcr dJskntkrten direkt beobachtdm Gadrwhvtigkfdten da Ketoaro 
rind non nlriit die nrsprtngflchai geosentrladien Werte, acmdem ale rind, wio 
berdts In Off. 5, S. 434 hervotgehoben wnrde, dur di den mlt tiefaem Ein- 
dringen In die Atmospfcfire snnriinimfi eQ Lnftwidentnnd beetnSnflt. Bi lit fftr 
die weftae Brfoodnmg da Meteorphinnnw von groBa Wkhtlgkrit, dlarni 



1 Vargl. Amm. 3, S. 434. 




1 UL 19. 


Dla phyAaUaohe Thaacfa dar 
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KlnflnB geoanor so untenochon. Unatro Kenntnia fiber die Wtrknng da Lnft- 
widerstnndaiBtblsjetsttiQdiBehrgerhig. Bel oinlgai baonden gut beobachtctan 
Feuerkageln bat rich (bo GachwlndlgkritahnahTno tmmlttelbar ana den Be- 
obachtongen heridtan loan 1 . Bd doer Femrkngel vam 23. Okt. 1889 *• B, gdit 
die Gadnrindlgkdt voq 80,0 anf 29,0 km/aac haunter, bd dner mdtren vam 
23. Sept. 1910 von 75,6 axtf 16,0 km/aec. In Zoknnft 1 st n hnffen, dafi dutch 
photographlahe Mnth nri fm Godrwindlgknlta best Inimn ngmfflr kum Weatreckcn 
und daunt gonanare «npirhrh« Wcrto ffir die Abnnhmo der G ach w ln dlgkcit 
erbaltan werden kfinnen 1 . 

Nouardinga hat A. Wttam 1 vnrrocht, aua einom grifleron Beobachtunga- 
material Wcrto der anBeratnu^hfiriediQn Geachwindlgkdtoii voa grufien Mo- 
taonm an orbalten (VoriiBltniamothode}. Zogrumlo Hagen boobachtote udttlero 
gooaantriacho Gcachwin* 
dlgkdten fQr vcrachlo- f \ 

deno W«to da ELon- 
gntlanswlnkels 91 vam 
Apex der Erdbowegnng. 

Sal bd nobenatohendw 
Abb. 48 if die Erie, 

MA flms Boweganga- 
ri chtnng, die Vektoron 
1 if, 2 if ukw. die bo- 
nbachteten gooaentri- 
aohaCknchwindlgkeltan 

fftr Oan TTIrmgnHnnfc 

winkelf. Wlrnn dlao 
Voktoren ungattkto 
Blnirittigeachwindlgkalien, ao mflfiten die Pnnkte 1,2... anf dnem Halbkrda 
llagen, dcaen Raxlhm die fbr afle Grnppan lm Mttal giricho hnUoarntdacbe Ge- 
achwlndlgkdt dar Uotopro 1 st, und CAf wftro die Erdbmngtmg. Nlmmt man mm 
an, dafi dnrch dan Lnftwldsrtand alia geoaaDtriechaa Gachwlndlgkdton In 
demadbea VarhAltnla wUdncrt warden, ao wiril inch CM In drnn a rib en Vor- 
hflltnb vcrrfngert, and man kann die mlttlansn anfieratmoaphflrlachca Go* 
nchwindlgkflltan dor Me team unmlttelher ana der Flgnr abloom, aobald man CM 
gtd e h dor Goachwindlgkclt dor Eribewegung aotst. InsboondiXQ Mart dann 
anch der Radhui CA die mlttkro hoUasentrlsclie Gcechvrlndlgkelt da unterr- 
BachtsnMotoarD. Mlttria <Uoaor Mbthodo bat A. WxaRKXK fttr dks rrofien Ifatooro 
idno mlttlaro hcHaeantriacho Goechwindigkcit vim 65,4 km/aoc, atao dnen ataxic 
hyporboHachcn Wort hergekdtet. 

Die von teheed angogobme lfnthndn enthilt oino Voranootsung ftj»r dlo 
YakUncrang dar gaaeontrinben Gachwindlglnsltan dnrch dan Laftwldantand, 
die alch nkht imnuttribai nachprUfaa lAflt. Ws wait man biriu* vamcht hat, 
die Pmgo nacb dem Etnflnfi da Lnftwidentanda anf dlo Ifletoargeachirlndlff* 
kdten ana thcorodachon Erwflgnngcn henna su kliron, bdE lm Idgooden Ab- 
achnltt gaff. 19) dargotoUt wordan. 

19. Die phyrikafieohe Theorle der Motion. Die phyrikillwnhn Thocrio da 
Meteore uznfafit dlo Yargtngc der Bewngang and da Lenchtons. Dio bol den 



Abb, IB. KradtOunf von iiflut mnapherianhi 
raiiiifnrilgtiilni der Motm uadi A. Wram. 


1 VM, <Ba Iitoratmr bol Ca. P. Gun**, Amn. 3 , & 434. 
a VjL u. a. C. Earnonm, Aaboii, AMwndL4, Mr. $, 8.5 (1 
Yaacfastw&i P, A- laouin. G. 1LB, Domow, Kota on the Ffacr 
MK 83, B. ift (10S39. 

■ A. Wma, Anm. 1 , 8.435. 


tibw iowyfnbrts 
aphy of aletaoza. 
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Kao. 5. A-Kotiti Konotai nnd Mrtacra 


arr. iq. 



Metacren anftroteoden Bahnfarxnen In bang axx£ die Sanaa warden band l h mi 
frflhcrer Stella (vg. 2m. 5, S. 454) vflrtart; darnel# wnrdo angenanmiun, 1 L 1 U 
roan die wahre g want riacbe xmd darntt die haHoaentriache GeaebwiikllgkHi 
ana <V* Boobachtdngen. kazm. Da aber die GflKhwindlgkdt inmiriialli 

der Erdatmoephlre etna Verdz^ennig erflhrt, let ee dno wcaentHchn Anrgnlv 
der Thoorie, die Frege dee Lnftwidentandes an klAren. Htorbd let man gone imf 
Hypotheses angewieaen, wie anch die eoehen angogebeno mchr cmpirindw- 
Methods to A. Wtetm gwrigt hat. 

Lnftwidor• tend. G.V.ScHiAPAmnjJvnr alknn hat bcrotta danHinfhiUili-* 
Lcft widaBtandn nnter der Annahme m barthnmen mracht, daB fflr dlo Mehutv 
dindben Gentxe wie fftr fflegende Geachnwn gotten 1 . Die wkhtigetcn MvgriK 
nine, die tdhvdie urban acdnen Vcagflngem bekannt wenm, bum rich nn ikn 
van Sqqapakklu ale Bdapiel bera d me t en Tabelhm wramdianlichon, din inwh 
G. v. MnfiL etwaa nmgradniebm rind. 


Gasohvlndif kelUibnahmo b«l Mataoron dor oh Lnftwidaritand 
(nidi ScmxAPAXzm). 



Man okennt ana dteaea Tabdlen mded eL Dio thearetiach mnittoltn < Si- 
■ebw indighritMhnahiDB fct beratta bd HAhen van 80 bane. 60 km dne whr fdnrfcr, 
nod die rjid g e acfawipdlgfrrit in tieforea Schichten der Atraoaphfln 1st vun «k*r 
GrOOe der kn a mi a chm Anfangagacbwindigkdt gens imabMnglg. Man wflnh* 
da n aefa nnter Uratflnden bd der Beetlmmang der geo a entriacfaen Goechwimllg- 
kdt anf dem flhMchan Wage su gins fabchen Werten griang tt kftnnnn. Din'Ii 
cntapreeben die tbecrotiach beiyWtpten VvhAltnkn kmun dir WirkltchkHl. 
Die Gtachane bemgen rich mxr In den nnteran Laftachichtcn, wdhin die Metiuru 
Im aUgemeinen gar nlcfat gekmgen. Man wird ako die bd den Goechianp gull lit- 
de n Go aeU nJBigkrit en ni c ht o hn e wdteru anf (Be gans andercn Vorhflltnbaui 
ttbertrHgendfirfaL Man nmB wohl bd der DkkoaaUm flbeafaanpt whnh an dun 
hi den oberm Lnftaddditao. Wrbletbenden Stemacbnnppen nnd den ticfur rin- 
tlringenden Feoerkngein nnteracbddeD, wenn anch hk*r wieder DbcrRangmtiidliii 
veabanden alnd. 

Pto do in die tieferai Telle der AtmorahAre gdangenden grOBeren Hotiw 
gfttdto flOTt fache Dm trihuig da K faftnaa da I-nftwidKstenda, win .in 
neaenfln 8 B A. wimijt gegebai bat, a n ec hdiwnd dn antraHendarca Sfld uIh 


1 G. V. Boninmu, Eatvmrf 
Stattin 1871. 


Tbooris der dtnadnmpjmu 


















XiCL 19- W» pfayrikatete Thaorie te Mahan. 48$ 

die IItore Thoorie vm Schiapawojj. A. Wegenik 1 bchftlt die von lotxtcrom 
aafgeatoUte GMnhnng Ittr dlo (kmdiwtndlgkdtBabnalinic boi, dlo auf dom Wider- 
atandage*tx van Rohut fflr flkgonde Gaochneao boruht. Dfcac GkAclmng I ante t; 

wo die AnlnngBgeflchwindigkrit, t*j (tic Geachwbidlgkcti 1m heimehtotun Punkt 
(in m/sec), /* der Laftdruck In MUllrnetam, x die Zoaitdfatanx, r der Radian don 
Motean In Metem und p dan xpodflache Gcwicht (Wanor « 1) 1st. 

MU Hllfo dlcaar GUschung 1st die Gwdiwlndlpdt oincs Strinmotcoriteii 
(P ™ $,5) and iAw Kbanmeteorltan [p — 7,8), anwie die GachvrlndlgkriWlndc- 
nmg mit der Zdt fflr vonebtadono Hflhan berochnet Bdrie Hotcore haban dno 
Anfangagradndndigkoit von 72 km/aoc. Ztun UntaracMcd gogon (tie lucrnt ge- 
gebernen TabcUon von Scuiapamklli bat Wxcbmxr bd der Umaotznng der Loft- 
drnckwarta in Hfihen den von ihzn angmorainonen Aitfban der liflhovn Schlchton 



Gcnobvindigkait (uMp) nod Ver- U— Jwrlndlflhrit (■iunniffci) und Vor- 
d lg a nw (gntfri aboil) aim untar 45" ■Off U UB ft OtoatrkMt) ednaa untor 45" 
oUrfatieodon BtolnraotaadUn too a^ai efaiteDaodsn Eltanmeteoritaa vm OJb\ 
Hadhn und 73 kmjteo Aniangupnimla- Radlm nod 73 kmjfcn Anlknymimlmlii- 
(Ugfcnit (Unka km, otano ksi/aoo tew. dlgkuit (Unm km, ofam km/no bav. 
kmpKxt), km/■»*}. 

Abb. 19 . Tlinof ti n c h terok aoto Oaadiwtadtghattinfapthino durch Loftwkluntud bet 

Motumn von A. Wsokukk. 

der Atxnoaphflxn suornndo gelegt: duo WuHuntoffKpii&ro ohurtmlb 75 km und 
dnu Geakcnclmni^Uro obertialb etwa 300 km*. Dor (kachwliKllgknitavorlau[ 
fttr dlo balden angunommenon Motcoru ontapricht nun vW mohr don dirckten 
Wobrnehmungen; vtfgUdum mit don TabeUm von ScmAFAunxi orglbt rich 
In bflberan Scmchtnn ana langimrru Ahnahmo, In tldaron Schichtim (beflundorn 
stark In doer Hfltae von otwa 70 km) ibor (dno skunllch pKttxUdie Varmlndorunff 
dor tiacfawindlgkalt (vfL hlerzu dlo bdgogobono Abb. 49)- In der Tat xdgon dlo 
bflhdren Sternad ump p en nnr dno gerlngjo GoidnidnrUgkdtaftndonuig, die gruQou 
Kotouro dno bceonaers stnrico. 

An! andoran Wogo kommt aneh E. Ora 1 xa dom Ergcbnitf, <bifi fOr (11a 
Stemadinnpphn, 1m Gogmaats sn den ticraerkugcln. ctio Vtrmindorang dor Gu- 

1 A W«w . Oter LaOwidantaad. bd Hatrann. St tabor, dor Gdbnh. nr FOrd. 
dor ml NaLurvte. a Msrtmif 1919 Hr. X 

1 Bdm Vodmndoatmtm ahnr rdmm Wnnlnflativptiare In grO flmu » HOhan dftrfbnr 
dob dlo tooboten too A yraanm nlabt prindpiaQ liuftan. 

1 U. (mm. Asm. 3, 8.478. 
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K&p. 5 . A. Kom: Knmoten nod Mitnt, 


Ziif.19. 


■dmindigkdt doth dm Lnftwldantand ohne grade Bodenttmg 1st* Thooro- 
ttrh* Erwflgungen fflhnm fl*n n der Aaffaieung, die Sternachnnppen im oil- 
gemdnen verdtjupfen, obe de in tiefere Schlchtca kmnmen; die bcnbnchtoton 
Gescbwindlgkeitfln nntcnchdden i tfd i nnr nnu MH ntHrh van dan unrprflng- 
llchen koemkcbm Wartsn. In Adrian Flllen, bd Stmudmnppcn enwnhl ab anch 
bei Ftmer hug dn, let hierbei dor Laftwidentand die Uiwche das Loach tana. 

Louchtvorgang, tJber den Yargang dee Lenchtem dec Matocro mlbst 
gchcn bb jotxt die Anffiaaongen nnch wdt ararrinander. Anch hiar Bind wohl 
vrleder Untenchlede xwiachao d*n bwjfUn Tflifin dor Motoarc xa machen. In 
groflen Zflgen wird mmn deb den Yargang In fblgander Wdao vonraatallan hahen 1 . 
Die In der lehnndlgen Kraft dm Meteora varhandene Knnrgio arffllirt lnfnlgn 
dm Lnftvldentandm due Umatrtxong, db In venddedaner Welle arfolgt. Eln- 
irul n rfflbr t del UfitflOT >4nw cmwhnvmrin TCrhitjrmfr, dlo aohfiaBHch XU olnam 
Yerdempbm der Materie fflhrt. Aber annh die Luftteflchen Bewegongx- 

ftpdwmgm; Kompremlan trod- Tempantmtdgenmg tritt fflr die dan Motor 
umgebende Loft dn, (fie tdjwdae no dlemm nritgarimen wird. Dnrch Llcht- 
und Sdialhrellen gndHeh wird daa Meteor fttr nni wnhmdbjnbar. In wdchan 


TJmfange deb die nnprftngUdhe Bewegnngaeneigle auf‘ die vqrachkdonon Vor- 
gtnyi verteQt, kann mr^ achAteangaweiflo angegeben warden. 

Tm dnxduen wird bei der Feaerkugel niA dnwm anten schwachlouchton- 
den Stadium der mitllereTell der Bohn irit starker Eriritsuiig nnd boll atrahlond, 
ebar doch nodi enter vexbflltnixmlfllg gp' lng er TTwlHgWJ*mtiahmn darchlaulon 
warden. Bel nmebmendar Lnftdichto ecrdcht dazm (fie Kompnwdon alnen 
kritbefaen Wert; die gemmte MneHirhn ‘Bnwegh aetxt defa fait unAodanaartig 
In Wlrme am, wobd die HelHgkrit eine pUtxficho Stdgnrang arTahrt. Nach 
A. WxontxR" ixt die Gmdiwiiirflgkdt dm Metecn bei dlrnom Yargang xn otwa 
1 km/mc, d. b. etwa gldch der GmchwiDdJgknit dar ExpkntaisweOan enxantnm« 
Wird die GcxcbwindigkBit dm Metecn klriner all der ongegebenn Wert, eo oflt 
die KompnnknwwQUfi, die Ua xn dlemm Pnnkt bnchtend war, dam Meteor all 
Scfallhvdkl vanua. mt wrfalgtar AhlAwnng rim* Walln 'hftrf riUi Tjmrhhralidiunig 
anf fHemmnng^xinkt). Nlcfat in «n«i F iTWi br auuhl dch bed. dan Fan urfcug abi 
der Yargang in dleaer Wdae Dm eigantHche ^ nmm n n wy rw ^ nn g 

tritt rater UmaUnden gar nkht dn; mefat Trnmnxm die Metoore in der Atmo* 
■phlie vfllfig xmn Verdampfen. Bed adir groflen Fenerkngefai kann der KArpor 
nqter aHmihlidi t hn e hmen der GeKhwlnmgkBlt xnr Brdoberflflcbo golangen. 

Man wild den Lencbtvmgang bei den Starnad mnp paa nicht abtfach dem- 
jenlgen gUcbaetxen dflrfen, den wir im eaten Tdl der Babn dm■ hntlm Mo- 
tecn boobaebten. Infnlge der vid Mane der StemachjTnppcn wird 

dch bd dlemn berdta in vied hflheren Luftadricbten dn Ycxgang abepuden, der 
dem bd dm Fenerkngdn in ihrem gimn Yerianf bepbochtoton cntxprlnht. 
C Hamnmn nbnmt an, dafl wedgateoa in vidm FUkm daa Anflendrtou 
der S trm a d in npp en fait anganhltekHch erfedgt, ibbtld din dem Kdrpcr vamn- 
grimnde Loft eine liinr^riiiwA Kanarmlan erfUnrt. Du Aaftonchtan dor Stem- 
achnnppen hat iko dne grade Abnlfaikdt inlt dem TTwmi nn it g uw rgim g bd don 
Foncr k i i gnln . Doch kflrmen andi bd den S fwrnarfiT Trtp p wri wlederam FUlo cdnnr 
allmlhfidi xiinriimendai Eridtxang'Wflhrend dm gtm«ii Yerianfe der Endid- 
mmg tin Ire leu* die mlt dem vfllHgen Yerdainpfim dor gw twin Subptanx endeL. 

Daa bei der MetBc mdhdmmy beobaditete IAdrt gebt xwdfefioi tdhrdqo 
vum Kern dm Metecn am, tethnue anch von der fl™ nm gahanden B’aTiq van 
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Pifl phyMkaHarho Thaurfa der Motion. 
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verdampfter UetaomuuBo mid von Loft. t)ber tVm Anted idwnrinmi Xdle 
an der LeochtOTchdimng lflflt rich gegcowftrtlg noch k&nm etwu Beetimnitee 
mi— g m i (v^L such Ziff. 30). 

Theorie dee Lenchtona. Voi vmchiadanen Sdtan 1st nowrdingBvw- 
racht warden, die Vaqjfingo betm Auflcachtaa der Metooro nun thearatkeh achflrfcr 
m toman, ak dim Sotapahulli gohmgen fat Dio uulytlache PcmraHamng fat 
jedoch nor unter idnnr Kdha von AimiUimon dnrahfQInhar. C. Hommut 
achlflgt dn intcrpoktorfachea Verfahroo dn. Boxdchnot man don war Exhftxnng 
dca KArpeca vwbrmnchtan Antrdl dor Unetischcn Encrgto mit E, bo Botzt Ho?f- 
mkibtu dlo Intenrit&t der En e ryi om j i wtndlimg mm&dbst: 

wo <* duo Kanatanto, v dlo Gmchwlnriigknlt, m dlo Mono dos Mo toon nod f dm 
Laftdrnck bodoatot. x and y rind 1m Anachhifl an die Boobachttmgcn su cr- 
mlttdn. Untxr vordn ftchondcn, dor Wtrklfchkdt angopafitan Vatamotzungm 
urhftlt man dno Boriohimg fftr iEJit, wolcho dlo MflgUdakdt gflrt, du Veriultm 
von Hctecran, die mit vanchloamer AnkngBgoochwlndlgkdt v In die Atrao- 
Bphflro oindrlngun, thoanstkeh daraoeteUcD. 

C. Hommnui rechnot *wd typiacbo FttJlo dnrch: xml Meteom mit den 
AnTangBgcBchwlDdlgkfiltan von 80 bxw. 40 lanfaoc fallen aenkrocht mm Hcri- 
sont do. Dio Exgubnbee der Reduumgen [M — Muao, I — Hdllgkdt fOr dlo 
Zdt l bxw. die Hflbo S) rind In der falgeridcn Tabeflo on dial ten. 


■ Andarnni dor Vine und Holllgkott tob Xateoran In dor Atmoaphlro sacb 

C. Hamam, 
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l r (lr bddo Hutanro wunlo ldurbd dlo Gcadiwincllgkrit wfthrend dor pnaon 
Hnchehmug ala kowtant nngiaininnmi. Dio Tfcbdlen kaon imp dlo Art der 
Maaanalmahma hi beldon VBDen arkennan and adgon raddeh, dafi bd im gtnxen 
nor gerlngon Hdllgkdtannhffaddodon das raadbore Meteor dodi dlo grflfiso 
HdHgkdt erkngt; rio bubflgt in Einhdtcn da Atagnngmrta bd I 3,104* bd 
Hi ,555. In GrflBcmklaiiim irauBTodmot wflrdo deabodootui; bdoincr Anfanfft* 
heDJgkdt von 5 m ,Q wOcfaet daa Meteor I bb 2“,19 nod II bfa 2*47 an. 
Mfttonro van giddier Hub cnchdnen also bel smut gjdchon Umatindcn, abor 
verachiadoncr GtjecfaWindlgkelt tn, udwan gjriehnr HeDJgkdt. 

S. Opik 1 , der aom Tdl von aoderen vannaetnmgen afa C. Eomanrru 
Bn^oht, koznmt nllordinp an dam Ergebnk, dafl anch ftr-Mbtam gMflhnr 


* B. Oruc, Bke P i iTW*fam aar Stetfatik te Wormnhnnp pae. AM B. 97 
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Kap, )• A. Kami Koneteei and Ueteora. 


ZlfT. 19. 


Muao dlo InteontAt In hohem Mafic von dor Geach w lnrti g kri t abhflngt; jodoch 
dind dk Yriniii liiiii^iin yon Onx nun mlndeaten nlcht wahr»chalnllchnr ah 
dLeJenigen von HomocisiXB. 

Zwd andero Thearien anhtop m dncn glr e ngunm phyalknlfachcn Wag dn, 
Dio atno dennlbcn von F. A. LnrnniAinr nndG. M. B. Dojbow 1 fflbrt m Er- 
gobnlaecra fiber den Aafban der bflheren Schkhten der AtmoaphAn, dlo aohr 
lebhnfto Konlruvanu veranlafit habcst Urn nmAchst dne Vonrtollung vnn der 
Grflfie dm dnrchedmlttHchan Meteoni m arimlton, wtrri angennmmcn, dafl 
die go Bam to Energle da Moteoxa In Stcnhlnng nmgeaotat wirtL Wfthlt man ole 
Betoplei eon Meteor, daa 60 km in 1 l /i Seknnden in der Atmorphflro mrflcklcgt, 
nud daa in 450 km Entformmg ala Stem center Grfifie leochtet, ao atrahlt oa 
itn gnnxen cine Enogie von 3,3 • 10“ Erg ana. Bd drier Goachwindlgkolt von 
40km/aec mofi ea denmaefa 6,2$ ng Mian beribwi and wfirde ahMotcondam dnon 
Dn rehme— g van 4,4 5 "wn hahen. Bin ■nirhw Kflrper kann nor dann wnhrnchm- 
bnr werden, worn or von drier knehtanden Hfllle van verd&mpftom Gan nod mlt- 
g erkn em er Luft umgoben lit Die w d te re Erwflrn m ng der ganaen Maaao geht nun 
von der Flrmtaeite dor Hfllh ana nod teflt alch yon da dam ganaen Mo tour mlL 

Ana dnor Annahme fiber die Beachaffaobdt der HWIa raid ana dan bo- 
nbaclrtoten Oaten der Hflbe raid Geadxwindlgkeit dor Meteorn kann man dio 
Dichte der Luft fftr die entmacfaenib Hflhe hmrhnm. T.nnKMAUW nndDoBBOK 
1 ffihreo dice anf iwei vecachlodenen Wegen dutch raid gelangen an Dichten, die 
in 65 km nnd darflber otwa daa iOOO&cbe derjedgen IHchten betr a gen , die man 
unter der Annahme der laothenxde der Stratoaphlre benchnot hat. Dieaca ana 
den Meteorbeabachtungen gswonneoe Remltat wfirde ohne Schwierigkoit ver- 

atlndUch aeln, warn men . . t , dafl in dieaen HBwn eine Znnabmo der 

Tompentnrbkianf 300°aba. vorfcandm ht Anf stfirkore Tcanperaturinvendanon 
in dner Hflhe van etwn 50 km wehan nun in der Tat anch rain meteo rotogto c ho 
Enehefarangen, vac allem die Beobachtnngoa der Scha nanahrdtnng, hln*. Dio 
UntonDdumgen von Lonmuim raid Demean bodflrjen aichodlch eolcbor Bo- 
Btltigungen. Donn manwlrd g eg ai w irU gwenlgBranadenMotoqrpbflnQmcnen anf 
den Znatiiid der hflehaten Schlchten der AtmoaphOn arhlinthn kflnnen. ah viol- 
mehr umgekBhrt ana Hwi bekannten Znatflnden der AtnnpUbra AnfachlnB fiber 
den Leochtyorgang bei Meteonn in edangon koebeo. 

Die sweite Untrmndmng, von C. M. Spabbow*, goht von guns andoren 
Ycnnaaetsongen ana. Hkr warden an der Meteorologio dlcjcnlgen Ergebnlw 
fibernommap, die den h fa hrrt g m Anachan linger fiber den Anfbaa dor hflhenm 
Schlchten der Atmaaphflie enfapndiea. Spabbow bencbrfinkt rich im wenant- 
licben d&ranfi daa Verbal ten Meteara in den hWwwf i n Luftschichten dag " 

anatefien. DtaZoiaininenaetxnng der Luft wird den Angibcn von W.J.HUVPHB&Y8 
cntxprechend angenatnmen, wonoch in den hflheren Schkhten der Wuwnlulf 
bd wdtem fiberwfagt raid daneben nnr nodi Stkkatoff vorkoamt Bd doom 

1 F. A. Lnranun* and G. 1L B. Dane, A Thaary of Hitacn, and the Dnitr and 
Te mpmfw re of the Ontnr Afanad— to vfalah ttlaede. Pzoo Boy 800 103. EL 411 

<1923). Anog bei J. Sattw-t, The Upper Atamph e rg . Jam. TL Artr. Soa otCanedair. 
8.291 (1323). Hkno phBrt meoh F. A. Lannnaior ud G.KE Ddn eo ar , A Note aa tho 
TempmtxiiD of the Air at Great Heighti. Proo Boy 890 T-fulmi 103 , & 339 (1923); G.M.B. 
Donor, The C h e ianlnhtia of the Ataaephera n to 200 km ee ledlnted by O b e u rv mU ooi 
of Meten. Oeait. Jonrn. of Boy. Hat Boo. 4ft, Nr. 207 (1923); F. A. Lamon, Hotoom 
andthaCoeamntkacdthaUpomAtr. Bttxra 118.8.193(1326); Koto ao tfca Ptmfaal Tlwry 
of Matron . Ap J 65. 8 .117 (1927). Boa namMohepdi Dnatolhmg der Toatohandn 
Uatemahn na bt n a oenUnp aaoh to I to tomo L Zattacizr. 43. & 441 (180® aaiiTiih 

1 VgL Una J. Bam Die hoehatoa Atw^>hamenliWiton. Natmta. 10, B. 301 
(13281 and Frf i h alwe der oakt Batarvtou 7, 8. 114 (1928). 

4 C.M. touw, Ann. 1, a486. 
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Dio pfeydkalfacbe Tbaurie ilar lUaoni. 


lilndrlngon oin» Hutean in disc Schichten kflnnen nun die Gaag otiUo gir 
nlclit ungewondet wurdon, well im sUgBnndnon die fide Weglflngo dea Mnleknla 
vuu deradbon GrGOonnrdnung wifi der Durchmcmr das Hsteora fat. Kb kammt 
ufao MinAdut zu ZOTBimncnirtflflon vm Gaimnlekfllen mit cintnlmm MoWdUen 
dm Motonra 1 , und Sfabbow botmcfatot Jeden ZaaammcnatoB ala ednen aoichcn 
xwfadwn swid nnclaatfachcn Kngdn. Die tnaprftnglkbo Bowegnngaencrgie dor 
l widen Kugoln Wcibt nur sum Toil ala Bcwognngpenogle crhalten, sum Tdl 
wil'd hIq In andofu lincrgie nmgcaetzt. 

Spabhow hercchnet mm den Gowinn an dieaor Encrgfa, don daa Metocr pm 
Soknndo an! eeinom durchlaufeniHi Weg crffihrt. Mimmt man an, dafl die Hfllfto 
vrxn Moteor gw r * 1 * 1 0 "™ ” 1 Knwglp afa Strahlnng wahrgenonupen wild. io kommt 
man an( trine Baxlehnng swfachen der Tumpsiutur T dea Meteors, arinw Geachwin- 
digkdt V (km/aec) nnd der Laftdlchtfi g von dor Form T* ™ hV* q{8 a, wo k und a 
Kona ton ten rind. Die Luftdlchto lflJJt rich bd bokamiter Znaanunauetnoig der 

Ttbollo dor Hfihon * . 1 . Funktloa to. 
TOtum^inderdgLcnchtyargang Tom p„ B t B r T and OB.ohwlndfgkelt V. 

ricli abapidt. Ffir dneWnaaer- —------ 

Htoffatmniiphflru fat dor Zuaam- » * m m m ** 

mutog nrhehm r. V and * to w 10 , <at 19» J» sw 

doerTabdfanlodoTgolegt.aiohier jjqq 83 99 100 135 174 225 

aiiBugnrrin wWargogeben wd. 

IMq Tabdlo hoachrftnkt ufa-h anf enge Intervalle der abaointen Terapuatur, 
illu otwa dur Vgr Uf un pfp n g B tonip Bmtiir ds bd don Motooren varkonunenden 
Snlntaiwon ontqxndisn. Wio die Ta bellfl srigt, gebflron an den grfifiaun Ge- 
achwinrtigkritim dlo grtOoran TTAhmi- ITftr Met core, die bokannten Schw&nncn 
hi ulliptfachcn Boh non angohfino* dsren Geeehwi ndigkei t rich.afao ebenao win 
dlo Hflho mit Slduahnlt onnlttdn lAfit, atehen die beobaditeten Oaten mit den 


i%7rTf!irBiiirTTfTr.r7T7TT7 






inlt hypcfboUacbon Gcarirwindigkciten fiber, ao ergfbt die Tabefle grfifiere 
ufa (dojonigon, in wolchen dio Steraachnuppcn wirkUch boobac h tat rind. CJLSfab- 
KifW wchHuBt dnrana, riafl hypc r b oH ac h e Geadiw inrtigtari tgn bd den Stemaiimippaii 
Im flllgnmoinon. nlcht vrnaenmon. Unecnfi Ksnninfan fiber die V o^lng c dea 
Umditone bd <lon Stomachnnppen alnd Jedoch gogcnwtrtig noch ao ger ing.daB 
%dr diu Aimahmo hflherer Tumpemtnran ala die von Spabkow sognmde gdogten 
UdiHtfwugB aurflekwefaem kfinnen (rtf. aach S. 490). Fftr grOBoe Wirtoron r 
nlmmt abur dlo HObo b fQr groOe Goadiwlndl^dtm reach ab; hypgbdfada 
(i mdiwindiftkol tan wfiztm olio mit dm beobachtotan Hfihm worn mrin bar . 

Die CbariMfunm von Spaxbow atdien mit donen d* andccen Antoran, 
l.muKlon (looun van Ldtokhakm nnd Dobm*, In 

HClidnund slo rich nur anf die bflebaten Sdikhtm der AbMP™™ 1 

In dJff dec AaCtaaung dor beiden letatenn Antenm dlo Mctoora nodi gar 
nlcht M morkbehom LonSton kammem So fat dlo Frago nadi toNatnr dm 

^"‘'l^n'cht'orTdo? Motoor»ohwe’»r"An to ^ 

l£igolnlw hlngowtomn, die C.C. Tbo?phkidoe* bd der Dfakuarion der beob- 

1 Anffaac t\m do fadibwi hat toni ti vor ***** Mt 


' ^bgS^F.*■ .*>t« -i:»!JgL. 
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s«p. 5. A. Kami Komdiai nnd Mataora. 

kcbtstcDL SdrweUBnchefaitmgan erhahen hat. Er selbet faflt adne Ei g B l arinB 

In folgendo Pnnkto wnmiimm . ,,_ , 

4 Die rind Belbetleachtendo GsswoUmn. die mlt la mtn 

Hetecntanb anternriecht dnd; letaterer tet bed Tag im mflukdartan Llcht wio 

gnwflhnhche Walken dchtbar. _ 

X Die H**™ dec fax der Ntdrt beobachteton Schwdfe ac hdn t an oinen bo- 
i Hnrmtm Wert gebunden an aeln; Ibr Leocfaten lit darefa dan Gaadrnck diner 
Sphlfjrfwi bedingt. 

y Die Anafacdtimg der Scbmdle lat doe Dtfftulanag ra chd nnn g and flmi 
Gtediwlndlgkeit hingt van Dmck and Temperator der Loft aowle w rirranhdn - 
Uch von der Anftw|y y. iiaimtighrit der Spar gb. 

4. Monrfw Me tecim i i wetfe bahnn Bmriwrinenri Rflbrmfarm, wdl dia Hdllg- 

kdt dot tm grflfl te n oncheint. 

5. Vemuche fiber die Fhoephcreesem der Loft bei nloderem Dmck beSndon 
rich mlt der lTi ^pn Skhtbarkdtadaaer der SchweUe In Efafl d a n g und etfUscn 
die Hypotbw, dafl daa T^bfrm der SdxveUe due Phoephcreaieniatrahlang lat. 

6. Dio Farben der nflchtUcben. ScfavrdJapnran, enfange grttn odor gdb, qAtor 
wdfi. ■**‘ban nrit den Beobachtrmgen bel lAftpboqjhnRnena In Obardnatlm- 
iiuiug. 

Haase der lfeteore. RrfHUmWi 1st noch hervonraheben, dafl man each 
varandion Jamn, ana der Leuchtknft der Meteace fiber deran Mmen AubdilaB 
racriangen. Van but vUHirh din ihrinte HnJti g kn l t dnea Meteon von bekfum tor 
Entfenrang sdt M hAnii TJrhh piTlm vorghchen and die Mata ri al men go bu- 
redmet, vrdche dor Leoditkraft dee Meteon ftqnlvalent lat. Die Maneuwerto 
ergaben Jo nadi der ram Virgldoh bocangengenen Xichtqnelle eehr ver- 
acMeden. So miikdt man a. B. fflr etn Meteor enter Grflflc, jo nanhdem oe mlt 
oiner Lenditgaaflanime, nrft DnunmandUdit odor nlnktrierhem Iinht vtcg tiohrgi 
wurdc, die Mane von 4,40. 0,06 oder 0,0045 g. Anders Be mnhnrm gen atfltaon 
ddi aid die achdnbaze Henigkdt mid etne Annahmc fiber die offektfva Tam- 
paatar dee Meteon, nanxH rich echdnbarar Radios and Mbjbo beddten lawen . 
Fttr die Sbi i n e rJinnppra eibfllt man axxf dleee WeAee dnen Dnrdunouer, dor 
im eUgemrinen oblige Mfflhneter nldit fiberatdgt. 

Bd ri»^ hriTwi Fenedmgdn hann Tn an ri ^ ecbdnbanm Dmchmoncr 
eelbat beobedrten. Doch wflze ea fihch, Henna anf dk) Maapo doa Motoara 
achflrflcn an woHem Du Yohnnen der Fenerkngebi lat erbabtich grflflar, ala oh 
ndn er entspdebt. Nadi A. Wkgbxek fawn man fmWmw n, dafl der Dcrcb- 
me n er dner Fenerkogd lm grftnen Stadlnm 400—300 m, bn roton Stadium 
dann 400— 4000 m betrflgt. In alfai rii m wi ’F BTlun knmm t m rtwm lp rtnbhwiAm 
Kern nodi die flm umgebende lenchhnde Gee- and Lnftkngd bln an, woduidi 
die HdUgfadt ™d das Vohnnen wrhwbHrih wgEfifiort Vf w r riwn. if mi Joann dnrrih 
these Metboden limner nor dnen mnbr oder mmlgar ravorUnlgen obe ren 
Gmunrert der Mane erbalten. 

Die Redmnngen, die dch anf die efbkttve Te mp eratnr der Moteam atfifamn, 
rind anch dcdialh nn d riher , vraQ.wb nnr dno genAberto TCnnnHila dmdben 
bedim. Hffpkttve Tempcratmen von etwa J 000 *, wlo do vlolfaoh angenommen 
wprden, rind nar.h den Angaben van E, Own 1 fflr die Feredden a. B. an goring. 
Die Farbo entqridit Uer dber dnwm Stern von Types F5, nnfl man- m bfll t 
auf dieac Wdao fflr eln aoldm Meteor von awdtsr Grfifle tmd der ftAb*! von 
400 km bd aval verarJiledepen effektivan Ten^eraturan die In der bdgegebenon 
Tabehe (S. 494 ebon) enthaUmen Ifnnm 




1 a. Ovik, Asm. 3 , S. 478 . . 
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F.lnni) unteran Granwert fftr die UotearmuM erbftlt On enf folgandem 
Wag, den anch Ijhdeuavk und Dobsok fftr die MamcnbcatiiTTnHmg dngcflchlngon 
baben. Dio gaaamte ala licht aiugo- 
atrahlte Rnorgle muB Weiner ala die 
Idnotdacbo Energb dea Meteors adn. 

Ea 1st also: 

Mono > • EncrgLo. 

Fftr dn Motor swdlorGrflfio In 100 km 
HGho crhfllt man bd door Lcnchtdaoor von 0,92 sec and finer GaachwImUgkoit 
von 56 km/aec fftr ^enddodeno affaktfve Temperutnren. frflfpnA* Mnaeon: 

Kfbkthn Tamponter.... 3000° 6000* 12000° 

Minimum-Mean bn mgr... 1,7 0,3 0,6 

Dio barodmuten Wctfo sdgaa duo vcrhftltnlamflMg gcringo Ahhflnglgkrit von 
dor angonanunanan Tompamtur. Da in WlrkHehfcdt dn aohr erfaehlldiear Tdl 
dor binoUachan Enotglc dnea Ho toon In Stmbltmg nmgcmtst irlrd, bd kann 
man annchmun, doll (Lea' boruchnoto Mlnlmah mrt nnr wmig van. der WlrkHchlmlt 
abwdchL Van (Hewn Baton aiugdxnd, knmmt man fftr don gen son Poreoidcn- 
adrwaim au dur Man vrcn nch&bnmgiwdBo 40* t. 

Endllch kann man noch E. Opik rn door Abachtonng dor itdativon Moaaai 
vaacWedon hollg Metooro anf fdgmdnmWog gdangon: Sotat man dlo gcmmto 

Itnnfgln u i— I f d J nDg nllinmnp uMn Aw MmOO M pcopcr ti imfll , 80 did Af pro¬ 
portional i^L, wo ip dk mlttkro Hdtigkdt, L dlo WoglAngo bodeutot, Bol gkrtch- 
rnfflUgcr VordunpfuDg aotst Opik L proportfcmnl M*f* (dlo WogUngo p r o portional 
dom Radloi dea Mo team), bo dafl L proportional geaotst wetdun kann. Bd 
aonohmander Vurdampfniig dagegon winl L proportional if, wo % Idetnor ala 
Vb 1st Batimrat man % ompirlacfa, bo otfifllt man achttoflndi dlo Boddiung: 

M InatmmonhtB| svliohen GrAfle, Halllgkolt 

,. „ uad Masse bol Meteoren (naoh Opik). 

wobd o unborn mint bldbt 

Bcr ana dleacr Gkal- 
chnng borvergohendo Zn- 
aunmonhaiig iwbchen GrO- 
HbDlgkrit 4| 

1st BBS der 
boUdgondun Tabdlo au or- 
kennen; blorin 1st fftr w, — 3,0 dlo Holllgfedt ^ und Mbbbq M ala Blnhdt nn- 
gooumnuni. 

Zn flhnlicbon Zahlonwvrtm kmnrat uni undcrora Wage ouch C. Hcjot- 
ukubtkk 1 , dor oh wahrachrioHchcB VortilltniH dor Maanon awoior Motuore, von 
(kmun daa onto nra 5 GrOfiunklamn 1 idler ala daa awdto 1st, den Wert itt): 4 
Jlndet. 

90. Die TUrfufaing der Metaore fftr die Brforaobung dor Atmoephlro. 
Auf dlo Wlchtigkoit dor Motuorboubeditongcn fftr dlo Motourokiglo bat vac allinn 
A. Wkgkmdi 1 wbxlurholt Ungowicuon. Da die Meteors dlo vtracnledonon Scblob- 
tun dor AtmoaphSm durohlanfcn, bd vwmflgm Wo fiber dorun ZoBtnnd AnlHchluU 
so gobon, Toc m agoaotot, daB wir den londitvorgang Balbet phytrikaHoch rtehtlg 


Bcmklaso «*,, 
und Memo M 



GrOfli md Hmo von Heteoron 
(nioh Onx], 



1 Y|L ftEonaana, tai 

K * ■ 

Ai WKSIBtf J-raDQGjA 

g ro flor MMaotm (Anm. % 8.479) 


tax VTb|d mdk dor kn a mko h m SWlnag der Btarnmflianppan. 
Ajraaodk dar Ataxoph&ra. TMprig ipii; Dor Yfezbunnohnl 
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Sap. 5. A. Kom; Societal nod Hutson. 


mao. 


in dentan vcntehen. t)ber die nenerdingB ausgefflhrtcn, jodoch nlc^t ah ab- 
geac h lowm n bet rachtenden Yenoche, «» M Bfa joriwo bth t niigni anf die Didito 
and Tempentnr hflhera Laftaddcbtm su achHaflan, lit on frflheror Stella 
(▼gL S.48B) km dngegangen warden. 

Wie dart betelis betont wurde, ht das von dor BCeteonnchdnuiig m uns 
griangende Lidit anf verschiedene Qoelbn mrflckxuffibrnn, cuif dio leuchten- 
den Gaae dec Loft nnd die glflheiide Oberfttche dea Meteors, in der noch dio 
gifihenden Dixnpfe dea b Uier an knmmen . t)b*ar den An tell dinar leach tendon 
DOmpfe welfl man frriHch wtxdg; LnrnxHAmr nnd Dobbom 1 botrochtan go- 
ride da ala die hanpUchlichato Urmche dea Lenchtena, and din Dmitnng, 
die S.BL4JKD dam phatogrnphhdi ermltteltsn Meteorapektrum gogeben hat, 
wfirde himnlt fibodhattamnen (vgi. S. 480 cl S. 495)• 

A* Wmiwra Hogwgwn nimmt an , Hafl hifnlg w dflS yg nchiedeDen Verbal toilB 
tier Gaae in der Atmoaphflre der Leuchtvorgang bn din'd l dio 

Hnaainwi TTaiipta4drfi»wn der Loft bedingt lit. Wflhrend rich in der hypo- 
tbetiaefaen GeahnnlniiiaphAiB wegen daen gednger Trflghdt Loach tarechd- 
nangon fibah&npt nicht abtphlen, wird chgegen der Wueerstaff mm Gfflhoa 
gebrmcht; anf Dm hwrhrankt rich 1m lemtMiffl dea Fhinomon der Stem- 
■d mn ppe n , fflr welche die Hflhe dee TEHflwrh-nw im eUgemeinon nicht on ter 
80 km llegt Die Fenerkngeln dagegen dringen anoh in die StichstothphlR) 
ein. Wie baeita frflher (vgL S. 479) he mage hoben wnrde, 1st nun gerade fftr dio 
groBen Meteors dn Wechaol in oar Faxfo charakteriatlach, der etwa an dor 
Grenada Wa a e Bntq ff-'nDd Stichitofliph fliaaa Hfgfn trh^nt Dfsmantaprocbood 
nimm t WifiMiH an, dafi dkesr Farbenwecfaael dnrch den Wechael in dor 
ZoaunmenaeUang der Atxnoaphfire havtsgarafan wird. 

Audi die bd den Sdiwetferedwrinangen beobachteten Farbcn baflnden aich 
nrit diner Deotong dea Farbenwechaola in Elnklaxig, worm men die Metear- 
■cfawdfa nkht ah edflachenda Pnrtikel dea Metecn, aondem ala phoapharccah- 
rende n acfah odi trade Geatriichen der Loft nffain wDl, Doc£, wie boraita 
betont (vgL S. 48 1), aind die gimen YefhlUnlaau nodi ah tmgekiirt m«nsnhnn T 

Ein ofahreoa MetKrbeobachter wie C. HamoTSK 1 wemt allerdinga, 
womif bier nodi hlugewhaen ad, davur, ana den vorihgeoden Beobochtungsn 
wdtgeheude Folgerangen fiber den Anfbm der Atrooephflre an Mahan. Dio bo- 
bbachtete Vateflnng der Meteme nach Hflhe nnd GeechwindigkBit mtapricht 
kdnnwega da wirkHduai; die Statiatlk diner Hiachehmngon iat viehnohr in 
wohl itarka Wrias dnrch die Art da Anhgo da Beobadntifngra v qfjlaoh t 
Aach ht nach da A n ffantin g von C. Homumu die Faibe da Metoon nllofai 
dazdi dere n Tan peratm nod nicht dnrch die Gam da Atmoaphlzn bedingt. 

Ein wri barer Pnnkt ht nodi m erwffhneo. Da die Schweifa oft iflngere Zedt 
nadi dem An fhndit en ri ch tb a r bietben nnd D ewe g n n gen anaffibren/mo dnrdi 
die Lnftatrflmn ngm in *hr hohm Sddchten bedingt aind, so vomdgen aolch o 
® < v Q i ^* c ^^ nil 8 IBn wotvoUe Anfacfaifla e flba die Beweguugararglnge oberun 
Schichten da At m oap h f r a m hefera. S. KahLse 1 bat daa aUrddio in der 
Utcratnr aoatreute Material geeumndt nnd dhkntiert. Zammmenfaaeod orgibt 
rich hi erbd, dafl auf da nflrdlidie& Bemhphfln swhehen )0 nnd 80 km Mho 
Chtwinde, in den derObexUegmden Lnftaddchten Wmtwinde vorhmachen. 


1 F - A. Liappua y n. G. M. B. Domcdi, Amu, i, s,4«. 
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Naohtrag sn Kometen und Meteor®, 


Im folgandan ■d noch oaf dnigo nach Fortigstelliing da Mamakriptm or- 
■chktnane ArbaUen 1 van Wkbtigkdt hingewienn, die antsprechend don cuiselncn 
Zlffora dot Kapttak 5 M getadne t rind. 

Za S. Die Wapertodkohon Komotan. (S. 434.) N.T.Bobbdvxikdti 1 hat 
ncncntingR die Spekircn eincr Ansahl von hi anon Houston untenmcht nnd duo 
Ahnlkhknit mtt dam kontfauikclkbeD Komotoospektaram in dor Nflhe den Partook 
ffofnadon. Insbaandon) kt oudi bd den kknnan Plnneten dor violotto nnd 
ultmvinlctto Tftfl den Spektnmu alrwech, vergliehen mit rlan roton Toll. Dka 
wflrdo auf dno gawkno Venmndtachnft dor Plnnotoiden germdo mlt don kurs- 
porlodlschan XnrintiTn h ln we b on.- 

Za 5. Die Boh non der Metsare. (S. 434 .) W. J. Fisher* diikntisrt die 
hdlaacntrhchcn GcschwindJgkdtan grofier Moterao nnd vonadit on xdgon, daD 
dio in dan Rataiagon no htaQg vorinxnmondan dark hyporboUnchon Goschwin- 
dlgkdton vidfoch dnroh nystommtlncba BoobaclitangaldiW vargotftuicht salon. 
Anderamdts trflgt C. Homantiii 1 none Argamanto far dai Varwiogoi byper- 
hnlkoh n r Geschwindighdten inch bd den Sternschnunpcn snsnmmen. 

Za7, Die He&lgkeit (Ur Komotan. (S. 438 .) Mlt oar HoIHgtarit dor Komctcn 
nnd der Unaahe torn Lonchtens bachiftkan rich mohrare Arlxrftaa. S. Vane* 
vzatskv 1 nntanocht dio ■ystamatkehon Fabler bd HdBghdtnchitanngon dor 
Komotan nnd boetiinmt dU rodmUrten HalUgkolten lhr dns grOBero Ansahl von 
xwkehon 4900 nnd 1924 beob&chtotan EnK&eWngan. Ira beeandoran nntonnebt 
or inch dlu Holllgkrit da KMCKnchon Komotan 1 far din Zdt van 4786 bis 4924. 
Dio mlttlaro HolLtaholtaaboahmo in dkeem l&ngun Zdtranm iat sohr going, 
otwa dno GrOflonhluse in hnodort Johrcn. Das ipricht fftr die gro&e StaliUlUt 
gortilo da KMcauceohon Komotan, dor von alien Kometoo dio kldnsto Knontri¬ 
al tAt hat J. Fiuippov* wokt nodi, daD dio Sonnentatighelt amchelnoikl our 
guringon IgnflnO onf dio Holligkolt der Komotan l»t; dagogtm vracdon dio 
SchAtimngon stark durcb die HnTIgknit dos Hiraraelshintargranda hcplnfloQt 

Von boeondorcr Wlahtigtadt rind dio Untarandiungen van H. Zaxbtba 1 , 
dor sura orstanmal das Loacfatan da Komotan atomthcoratkeli so douton vur- 


1 ItlM mmmm qek—ds Ekuvtiilhing da Tbracte da Km mims ohwglfr, ktwIo da 
Hpaktamknslvio rad rb otam n tri a da Kanwtn kt noeh festoon hi: V. T. Bonavinsntv. 
TWFRMstBtmtaof tta Thaary of Coreota. PoW A B1* 40b 8.164 (Ifftf). Waitaw TjtonUur- 
hl n w u kn took lubad la BalL da rotaorratafoi da Lyra. 

1 Tba Bpootn o( Minor FkMte. Link Bull 14, 8. IS (1939). 

1 HaaaAiOBtkiPbahnnratalfigTieoifraWaal radHoftiriatila-. HirvCLro331 (1938). 
4 frbardio Mlwhkk (lamliwlndlilrnlt da Stamophnppptn. A N 234. By 2ft 1 (1<B8). 
1 Bnr l'dokt da tnuktm ffl.ptrtta). RAJ J, H. 1. B.40 (1(011). 

* The Bright— o i Cota Bohn. RAJ 4, H.4, B.396 (1937). 

T tfaot dnkn I Tr a n h w , eskho die HnlU gta i tsf erthilmnna da Kncatra baMnlh—1. 
(Hntatata) RAJ 4, H.4, & JOS (1««. . . 

, 1 Qe tho Lemtaodta ol Oahok (Aartmot). AnHirU, fl. 438 (193^. — tbo krai* 
taboo of Um and Bud Bpaoba la Oomatn by Snulight MH 89, B. 178.(193S). 


i 


Htchtrif, 


494 

socht Unter der Annahma von Raonanxitnhlmig erhftlt man fftr die Hellig- 
kait Afx« Komet e n im Licht ri pe r rin.lgw n Haaundnia at yen dor Fre- 
qoeci t m dk vom SoonanUcht angoregt wird (die Sonne ab •chwaracr Strahkr 
botrnchtot), die Bodehung: 

M lm - -7,7 - 5 log^i - 2,5 log/?. - 2,5 log* + 1,066*. - 7,5 log*.. 
Marin bodentet: 

M v — rednxVffte Heffigkait dot Kametenkopfes in Griflenklaaon im Licht 
Hht Spektndhnie *, 

D t — rednsfartar Durchmeoer da lfiylaa in Bagenmimrtcn, 

fJ m — Sicbtberknlt dor Staihhmg van dor Frequm* r, pro Quant, 

*« — , wo A und iKonatnntanund T — 6000* (Sonnontomperutur) 1st, 

w wm ~~ t die effective relative Birite der abaorfaieronden SpektraQinio. 

Fftr die Kome te n geoftgt thoorotiach apbon dee licht dnor. 

dmelnan HenoansUuie der beDsten Swm-Bahde, um die ganxe boobachtetn 
TotalbeQJgkrit da ifnpfa. (iwrfi HouncBn) herrae m rafen. Dor Mechaxdsmus 
dor Raop an atw hlm raicht akn bei e dta n am, um fftr die periodiachen Ko- 
rafaten die beobochtete HeDigkrit so erUfliea. Bel den ftbrlgu Kamo ten, wunig- 
itea m e rit sie dor Sonn e nehe hgmmeu , dftrfte each das Natrium dnrch Ho- 
muni leochten, doch hit man a bei rffa w n Kometen mfl ddwn irim enah mlt 
F lng e aePMt n hhing n ^ 

Zu 9. Dfanaorionen und Kiae der Kometen. (S. 441.) In dnor neoon 
Bearbeltimg der Bahnatanmto der JupUmtelliten wriit W. d* Srma 1 daranf 
liin, duQ die Bobbeditnngen nicht hbndcbeo, um die Page n entricheiden, ob 
die JnpItmtaDitBi dn 17 .fr Aw Varflbergang vun rina Stflrung ocfahnm 

haben. Man hat aho hkr kefaerld AnbaHapunkt fftr die Berthmnnng der Hue 
dna Kometen. S. V. Orlov* hat inf Grand der Hefflgkdt da Kama da 
HALLiYKbai Kometen unter g ew i aon Annahmen fftr die Kernmaan die Gsensen 
5 * i 0 " u Us i, 4 » iO _l In Hftihdtm dor Brdmaoe gaftmden. 

Zu 11, Daa Spaktrum der Kometen und Kometanachweife (nenare photo- 
graphlacheBeohachtuncen). (S.44 6 .) InoinermammgTfaawendenBoarbdtung 
xdgt Fa. S. Hogg*, daft die nn i^ TJrrfiw tm Komet en ffpeiktnnn mdat 

ndt I M w da refloktierton SmoanUchtee jd«n Ht)i |}nd end tmtarmcht don 
Zaammenhang xwbeben Spektaalcharakter und Eutfernung da Kometan van 
der Sonne. Mlt der l eUtam Frige beahlftigt eich inch S. Y. Orlov*. Mlt 
der Annflhenmg an die Sonne tauten nachefnander etwi folgende Strahhtngen 
anf: kontimrieriidia Spektruzn, Cyanhanden, SwAJtachea Spektrum, Kahlenazyd 
und achheflUch Natrium. Anf Grand der am lick Observ a tory erhaltenen Sndfr 
tralarrfnahmeii aeigt ferner N. T. Bgbiovjirovj 1 , daB die vom Kometenkem 
■nageatnOeae Materia im Kopfe hauptblrihHoh die Cyanhanden anaondet, wfth- 
nmd 6mm Sdnratfapaktruni dem CO + angehflrt Ea bariaht angenhHcklich koine 
Mftgiichkett, die befaka Eracbehumgen miteinander in Yobdndxing su bringen. 

Zu 15. Die Brgahniae der neoaren Untenuchungen (Komatanaohweife). 
(S. 469.) Neben einer gnaffthriichen DarsteDung der mechanfcchen Theprie dor 


1 Qrfattal TThnwta dakcwMag tha Ln a rit od a of JuUlm'i Satalllta, dadrad from 
Krnmlm r.d. StaomU ta LddmjO, M (ipaS). 

■ Zor Frafa ebar dk Bcreehoasg dar Uaan Aar To—lanlwua aot Grandihrv HdUg* 
heU (BaOwh) Baft Aa 8e Bt rta nb ai g 7. p.337 (<9130. 

• A flyn u pak of Conatny ^ a ntu a. Harr Ball 8« (193^ and J Cn'RA 8 UJ, p. J3 

^ Tba Spa aha of Cmriak. (RnkaohJ RAJ 4, E 3, & lb (4927). 

» On te AatMty at GrakHUBP 40, p. Jti (1930). 
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Komotantannaa von 5. V. Ohlov 1 nod hior noch iwd kkdnero Unterrodranm 
von N. Moibceekv* and S. V. Oelov - *u crwfthnon, die rich belde ndt dor Er- 
Mchebnmg dor Synchransn In Komctaachweifeji beochAftlgan. 

Zn IB. Die phydechen WahmahmungBii beim Metoorphlnmnan. (S. 478.) 
An ds Hainbargcr Stomwaxto 1st ee nonerdingB A- Schwamuamn 4 nod J. Haas 
gohmgcn, dm Spektrum ednon Kisenraoteani mittal* dee Ob|ektlvprinaaa m 
photogrophlenm. Dench dn boamdens Yerfahnn (tmtar Benutsang diner 
gkkhuddgtm Anhahma dor Vataonpnr ndt ed nom O hjakHv gloicher Brenn- 
wtdta) krmnte du Spoktram mlt erhohUch grtflor a r Gfmatdgkslt vernmen 
warden, ah dfaa aomt TnAgHrh 1st. Boa Ergetnig dor Hitramg ^ Ho o tlfla lcrn ng 
msI hlor vollotflndig engegoban. Dio idanstflertcn Union gahOran mriunrioi 
don knehtandon Dflmpfen dor Hdtoambstans an. 


Spoktram doi Koteor* vom 29. Beptombar 1034, 



Zwcd ftchwaclin Khunbandon Ixd 2 41H2 lih 4300 unci 14394 Ha 433d wind 
im HatsocRpftktmm nlcht beobachtot 

./ 1 Tbdorio mdeulnoe<loiIcrrp—dm oomk c*. (RihMi.) l*ibl da I'lnefc Aelroph d«Kseto 

3. Fnoe. 4 (192fl). 

■ flbor don lias di* nynchmeon Knouidon. K A ] 4. H. 3, B, IM (1037). 

* The Motion of tbo Hrnohnae In tbo Toll of tbo Comet ijMh I. (Riorin.) R A 1 3. 
TI.i, Hj3S(193B. 

4 Pbor dm Bpoktnun ctnoe Kkroo t oom. A N 231 R. 71 (10311) and Mitt d. HtabaRBr 
Htamw. hi DwfMori 6, B. KM (ipl). 
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3^1 ** l " ur# ti * oor y (Ajmnmnitf 

‘ h ‘ wl * ** 3# 

NtcHouMor'a hypotfaah 324. 


9Nfr*l. 

“bte 66. ■ 

• Mnl 104. ’ 

g^^ a^o. 

flhrtnnao-. Jp. 

»*m«* ofteottiap, Ifflft 
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m 231 ft 

l« to ry, befora the nlaotaoalh 

cantory 3 JL 

odtpee 1836 May 13 332. 

4831 Jaly 28 234. 

I860 Jily 18 235- 

1868 Aagmt 1R 236. 

4869 An*tut 7 237- 

1870 Deoernbar 22 237- 

1871 Dwwmljer 12 2J8. 


I674 April 16 238 . 

1878 July 28 242. 

1882 May 47 243. 

1883 May 6 244. 

1886 Anguet 29 245. 

1887 Angeet 19 246. 

IH 89 Jumty I 246. 

1889 uoDMitbcr 22 246. 

1803 April 46 246. 

1896 Augaet 9 247. 

1898 January 22 248. 

1900 May 28 249. 

1901 May 18 250 . 

1905 Aiifaat 30 231. 

1907 January 14 231. 

11 H 2 Ootabar 10 251 . 

1(H4 Angut 21 252. 

1916 Fobraary 3 232 . 

1918 Tuna 8 232. 

1919 May 29 255- 

1922 Bepbanbtr 21 237. 

1923 Sbp ta mbor 10 258 . 

1923 January 24 262. 

1926 jaimaiy 14 268. 

1927 Jim# 29 272. 

Futon adlpM < 1929 — 193(9 274L 

Knanor daflunam of star Unom 353*1 
afloat 183 !. 

Biamenta In tho am 138. 

Ktaotromognotio lofluaneo 21 Off. 

K raptl ooe 1201, 134. 

KvnsucD afloat IJlfT., 173 /., J08f. 

Fanulaa 87. 97. 

Maicaiu*i aafaprlN 97- 

propar mattona 41)3. 

Karamndar 4 . 

Figure 100t 

TorlaHoaa ol the- 1061. 

FQamonta 116t 

Flrah epootrara at Cfcro race phot*. 

FIoodoH 108X1., 411 XT. 
bright 1121 
oeWtim 109X1 
darik 1161, 121. 

dark, ayotaule at rartkal oppmuoD 1 16 . 

dkmbattan of the ona 120. 

w a p L ite 114 . 

hyd r o ge n 1141 , 131 . 

peeper motto* 120 . 

— m anrptive pnndnonon 121 , 123! 

QmamthMMgfcidt, Sobvanlaingeo dor 41 

0—mttframnug 26 . 

Armanis nr Mamma 261 


Grain 109I 
GfarmlaUaci 841 
Charity 61. 

Gfdfla, eheahitD 4. 

■dudnbarD 2f. 

Bellagnmhks oaanUnntM 908. J 
oagmar vtdnclty 104. 
cktarB (natton of 90IT. 

' ophonurh lor the pliyriaU o lemo tha* 
92. 

iDollaatkai ol the eokr cqtatnr 91I 

laMtudeu 91 ft 

langttndcB JHff. 

pnin ol the son 91. 

jaa dt Jou angkw of tiho wm’a axle 91. 

■n meridian 91. 

Hodgknlt la GmOenkMmn. ghobyephtoh 
3. 

riraall 2 . 

in Ktmn if. 

IIoIUgkoltsverhAltBh ana VaDmaod 3 f. 
Hbrtnrlail I ntro d n oBoa 37 ff. 

lafluooce of pianola cm nkr eedrity 
2281. 

In atra menta tor tho afanrvatlan of the Bin 
61ft. 

lwlL i|r «pli M . 

mpmla omtt i i 123. 
halloaDope 61. 
hniloaenpa Colei fill 
mionMnotor, aolar 62. 
nancdar of wk rit y 751, 159. 

Bdar Itmr e 63fl 
yctrokeUograph flgff. 

M Areetn 77ff. 
at Meodaa 77. 
type Catania and Potnkm 72. 
typo Rwoid 73- 
typo Show 75. 

■puutrnhellmuom 82 ft 
ip oo tr oeoopoa MXL, 8021 
tatoeonpra, horiaontnl and yratkel 62H. 
lataradtttiiaartDttang anf dar BomenBMbe 
fiff. 

loohmUm theory (Ratio) 54, 480, 2D4ft, 
29811. 

Mago nMo Bold 2U0fl 
Magnitude, nhaototn 60. 
appcraat 60. 

Man m. 


Armanis a 
W.tWnWA 


Network, phntcnpborio 83- 

On, Atmratine da 22 . 131. 
Bahraakang dee Uohaltm ea 46. 

PanOaa 59. 
nwtaephm 37 , 84. 

- Tampcratnr 52 I 

T omp e nt or wwh dor Inlmttm ftgMto 


BanlraRnkhxU. 


Photaepharic network 85. 

Poree H7< 

Pramnro in the atmoaphoca 179 If. 
Pnxnhwncm 139II. 
wa 155- 

Duaiu’a t h eory 15a. 
caldm In 1)5. 

ooatna of attraction and repolaion MB, 
153. 

dtafarlbiitten 155, 1561. 
dirtribirtten of the oteenonta In 154 f. 
stamen ta conetitatinc 154. 

•raptivo 131, 133. 140ft. 
term 155> 

life history of rpriaa caat 141. 
otwwettan 139! 
pneftinw anfle 14a 
qateec ent 140. 
ladk tkm prmaim 153L 
rel ati o n between perm tames «nl the co- 
roea 1571. 
atattaHre 133L 

w i odty 153. 

Paotrr*a bypothmta 340. 


RaJodvardnaUsac 61 

Ahhftng%m voa dor Wdknlbn HIT. 
OWdnoUtaMt der 161 
Thonrfa 9t 

Thearie neeh Wtuaara 7 . 
mttiicho Vertadarufea 17 I 
Refraction fa the star atiim a pha e 103 ! 
Maikw lid i Mi eater and taaoebtel pbe- 
n o oaw a 310H 
Bevaoliiff layer 137. 377- 
Rotation fra* taeniae 105, 
from dark ffanwata 137 . 
from impute 100, 103. 
ported, ilnl 93. 
parted, ayaodte 100 . 
ported aa a fanotkm of tha latltada 167 I 
period, vaztetioa of the 135. 
q m d u m i q do oba w e mthm of tha isafL 
■peotroeoopte raaoUa at Adame ifijl 
variability 160, 167 A- 
velocity iool 

veloc ity at tha a oa air g . aammary 166 . 
BovLAMirB table of eolar apeotrnm vavo- 
looftte 138, 3061 


ftscoD-BiHA tew 107. 

&XADOW baada 353ft. 
flten»334. 

O nte rtmMaula . ahmtatar Wort 33I 
alanietar Wert, Toredtaadatadt daeerib 
341 

Deffnftton 37. 31ft. 
flekwaakatagoa, taai ajim linllmio 40I 
fWiaaiiluaawi, hnupartalteJo 36fL 
8pontcalttem, dtebxtfan and aUfttm 151 
gfte cliva lava ! 173I 
frumaai Horn 137. 


1301, ida 


Rpectrnm af the chmmaapbero 135 It 
lbnb 132. 1831, 1841 
pbotophm 127. 
luvmalag layer 137, 135- 
mnapota ijaff. 
type 131. 

Spnktrura, En ui y tenir tnUimc Im 1K ff. 
Glaum 19. 

Typm 4. 

Stxxma, raafnotic iaa 
Stuwpota 841, 87 CL 
mreaa covered by 94. 
belta of dtetar twnooa 96I 
M polar 19a. 
birth of 47, 1431 
bright bridgoa 88. 
br l g hliw of tho umbra 88. 
centxaa of attraction and repuMan 153, 
cars af enter activity gfi. 
depth 9a 

depth parallax' 104. 
dteaymmetry In tho f ro q no u oy 10a 
dtetribnUop In hdfaifTmphta latitute 93 (. 
d arati n u 87. 

■hmad Unas In 134. 

BvanuKD eftact lyiff.. 17511 
uloBowwr" 101. 
harm 8a 

Haix'b maffoette parted 96 . 

hmlinartno of tho axle 1031 

Inte raction between two n|iota 3131 

law of polarity 197I 

u loader'' 87, 100. 

level of 89I 

level of tho umbra 175. 

me 19811 

mafaotte da^flnatten 1«HU. ■ 

magnetic Held In 18511 

m e cn a rin parte d 198. 

maxfani and mbdma P9. 

nmltipotar 19a 

pnah m 87. 

period, OmnBMte 96. 

period, 8axwAHa'a 93. 

potted, Ttiuxm’a pfl. 

pmted, Wcn^a 93. 

periodicity 93 H 

ptgmktaranoe in thaeaatani half of ardor 

proper motion 101. 
redtal ano ti on In 170I 
relative number 94H 
etee 87. 

y otreun 132H 

”xa ' a oarvaa of - tetitoda 97- 
•yrianatte motion in langltado 101,1U3- 
133. 

typo of apa otnun 13a! 

mbi 87. 

anhotar 193. 

variation of tha larval 103. 

vut teti na of potitiim ami dtetribotioa 
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Waur’a cynic of aolar activity yi 
Wourt* roUttra nmlwi 94 a. 

Tempmtnr, Bstimmiu^ naoh dam Gflaats 
von Planck $il 

i»flh dam Gosta voo Srim-Bcm*. 

MAKN 49 , 

naoh dam Wi—ehai VanehJebanpfo* 
nil SO* 

DaflnltWi 4 ft. 
eflaktfva 48. 

ffffaktt vn. U£an Bsttnumufoo 481 
affakttvo, modarao Bntliiuinun 49 , 
Tbaods, aolar 230 ff. 

Qixnna 223 ff. 


Emm 221 ff. 

Wzuno 221 . 

tmmu tefctehooIBditan dar Enktso- 
aph&m 28 ff. 

Ahh a adgtai t von dar WeEknHnn 
29t 

mlttknr 29 . 

PltiKHdoHn Btnhlang, Schwulmpm dm* 

Valiso 60. 

Ytrtcm 116 . 

rotation In tha H6ff. 


n. Sufammlohnia ni Kipital 4. 

(DU phymlacha Beaahaffsihdt daa PUma taM y tam .) 


J npl tor '381 ff. 

■ r. Ahphtftnng 383. 

Acfimkga 383. 

Albado sas. 

Anfbau, Innarar 386 f. 

Xtaridmting dm ufalurafcUKhan Komdi- 
natan dar Ob*rflacbs*DUkk 383. 
Fart* dm Walkanfttkfe J8i. 
■Jkrfwrfnriar 385. 

Hrillfhti taaml aaf 38s. 

• g hofay mphlybe Anfnahsen 302 . 
Hotmanrit 3 & 2 f. 

Botar Blank 3831 
8dii-tar 3S4. 

Gtaktnim 3051 
Toraporatnr 386. 

Mum 3 niL 
Adwntalo 375* 

Albado SOI. 

Atmpfalra 377. 

HdMfkDlt 373 . 

TTi—la 38a 

Kappmi dor Polo 37* 38a 
Krtn 373* 

U adar no d Mono 373. 
ptartaKnrohkobo Anfaahtuon 379 f. 

$£st" 3 ,?“*■ Mnt 

Rotation 3741 
Bpoktnon 378. 

Ttanpmtar 37 a 

Hater 367 f. 

A h nHnhta it rnit Krdmaad 3*8- 
Albodo 368. 

HHUgtett 368. 

PbanutetflUmit 360. 

Hptaite—H 367 L 
flpoktnam 368. 

Hood 395ft 
Albado 402. 

Afan o mh l r a 396. 

Bn fatafrrm g dar ObarllMw 404IL ' 


Erdlkbt 402 . 

Bkrtjonindox 403 . 

H a ffl g k ait atnslrnr Formations 4011 
Hanijtadt 6« Mnodph— 1 4001 
Hfltanhstinupanf dar MaadfaUde'397/, 
Kartmnraka 397. 

tetot apMata T Wh—n t wh ni M 4021. 
raotan atr i n 3991. 

Pokxtetkm 404 . 

Stt , * ,,nte ' w 

Bflkn 4 ia 
Botatkimdt 396 . 

Bo na tt ruanha Hinol 403. 
apoktnuadn TOftrutartaa Meads 404, 
T nn i p a a tar 4031 

dar MdodolMrllieba 3971 
Vaflmoslhcfllgknlt fw 

Noptnn 3941 
Albado 394. 

A nh anh gn 393* 

Hnffiikolt 394. 

Rotation 393 . 

0P*tnita 395. 

VstodarUokUt dor HdUgbdt 393. 
ltanatoa 35fttl 

Hn rochm ^dar planatopmpMsha Mb* 

P ot Ummi m dor Terepamtar 3G4H. 
DfanaoHoBMi 359. 

Rtenanta 339 . 

Phaaanlwnwlaiing 363. 

PoUrimctda 353 . 

Hadkmatria 104 If. 

Ho taUaMbntinunun 363 * 

PliaatnirVs 410ft 

rtn 11 4111 

Kotatalmm 414. 

Otemtmam 4181 ' 

HaHlftettan 411. 

Uahtaanbail 413I 

WuMteflltebi 411. 

Bpakirwu 414. 


30 * 
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SAtam 3Sy£f. 

Abftetteoi 387. 

AIb*do 387. 

• Flecks 387. 

HeUtfnlt 387. 

<Vm r« ei li fe tim e 390. 

" ' it 387. 

oil AwiwhiMw jB8> 

__38?. 

HnMtartw* tanmHl 387. 39*. 
Spektrom 389- 
WottmhflDi 387- 

TTelmerlege 3880. 

Albedo 393. 

CMBinde Spelt* 384. 
DhiM^oaH yw 
Dopoteefldct 3900. 

EnmtaB Nine 388. 

FlhtenW8»k»tt 390. 

Mi 3881. 

Gimiii IK — 393. 
Kentan«teime*m 3931. 
Kue eUte tfan sgot. 393f. 

Ufl* dar Ate 388. 

TiAw, EifcUnng dwa nlh e n 393. 

i fhnifwr f h i rfMi Aataahmm 388. 
uhjtete Iteukeffmhrft 3891. 
Pill alii mtwm ib ■ Inillglelt 3911 
B p e bUif 389 - 
3nhmgn 3 **- 1 

Trabutm dm 
Tepttar 4150. 
te 414. 

Neptoa 418. 
fetara 417L 
Unzna 418. 


Spaktnua 


UruDj 3931. 

Abttettan« 394. 

Altedo 394. 

Feibantadex 394. 

Helllftatt 393. 

Rotation 394. 

394- 

ter 394 . 

YaclDderilolikrit dor HJTlgtelt 393! 

Von 3690 . 

Albedo 369. 
anbgmam Ucfat 370. 

Atxoomhln 389. 

Kubemndex 373. 

HelUteetfc 373. 

ObarfllnhanpahUde 369> 
phntngrenhtehe Agfnahmen 389. 
PoUriaatio p 37a 

qtei 37 a 

RutaUtente fc 369. 3711. 
ffcnktrnm 3701. 

Tcenparetar 373. 

ZodUkaMcht 4180 . 

&ttoka 490. 

Ffexba 429. 

S eta 490. 

fc 490, 4991 
■ Tbaodo 499. 

Lue itar Aetee 419* 

B oU i telhi i 493. 

418 . 

fl fktium 499. 
t e rimtitaute Tkaoria 4941 
Uxspnuig 423. 


m. SufanmUmla so Capital 6. (Comatao und llataon.) 

4360. 



4381. 


Malaria tte 


Tiohtrirnek 475. 

Mb-e 4431. 494. 

Polertetkn 443. 

Hnfraktine 449. 

Sdnteb 436, 4560. 
eaenala 437. 

Fban 4561 
CMhwfaidlfkalt der 
4711 

HafflgkMt 44a 

T»,JirimiM 4681 

HnolMiaft dnr Sonne 4701* 474ft 
Spektrem 4491. 455, 494. 

BtaUn 473. 

Sendymim 464. 
nearie 4890. 

4691 

464ft • 

Tawduh, Kamr, Onair. Pd- 
n™ 4691 
Typ* 465*. 

Waken 459- 

dm Bnk mtt 4<J11 


: l m i 

4 1 J * J l 


. I -i, .1 
■ • S •' 

‘ ' !■' ' t 



SwilmnaUmln. 


5CH 


• Hpckbnm 444 tL, +94. 

Benda* nd Lfaikn> 4461. 
faartlnntailteha 4521 
da SdiwUtaa 449U 455. 

Ytxtlopplunf dor Hoada 44$I- 
Htettattk 428ft. 

HahniaiB-428. 

Hlnflfkalt hypocbolhnber Dehorn 429. 
dor Tjffo dor BafanDbam 438. 

(tar MhaUbwan 428. 

^dv ta m p er Jc dtactaHi Kocaotao 438, 
4311 

Tdinnd 43J. 

llnpnnf, Inbwldknjr 430. 
ZaaimaahanE adt Stwnaohiuipiuo- 
Bhvtraua 432. 

IMan 4341.. 4I7». 

Itahnm 434, 493. 

Bodeateng flfr die ltaftnohuns dor Abnu* 
rafaAn 4911. 

Doftsltloa (Ptmnrirf 1, Metaorit, Btem- 
nhanppa) 4341. 

Itaibe 479- 

UsofawfadlgUt 4fllf£. 
enflermtiwptMriaohe 483. 
haUomtrtadho, dar V wifcuge la and 
Meteorite 434. 
dor Btornechnnppaa 433. 


GiflBo 479. 

HolUftatt 478. 

Hnamimnkl 434, 481, 486. 
Hfllu 48111. 

Louafatvacgeng 4861., 492. 
Laltwidavtud 484. 

Him 490f. 

HchwMta 479- 
laxc ht na dar 4H9l. 

Hpektrnm 4AoL r 493- 

'iWle dm- 483IL 

Theorio dm S joochtm <lv 487. 


Hotvorlto 477 tt. 

Amlltta 477* 

chemknha TWnh M fff ilwJ fr 477L 
G j uh w Ind ia holt. beilaeratriahe 434. 
GrGflo and Qewtaht 477- 
Ahtarito 477. 

Bderoiitte 477- 


Btmachnippea 434. 

GeahwinilgkBt^ I n ltnauniita ohe 435> 
■dtttan 438. 

Bchwtnne 433. 

Zwnanlani mit don Kmnotiii 433- 


Hi^mmnpn imd Hi rirfirt|i i n | n. 

S. 363, Xelta 3 van union: eteit urnttgafangmatatm" Ha: unkkren. 
u 364* ZaUo 1 van ubmi Matt ^etae 10 mal" Hat waanfflofa, 

„ 374. Bn tat dnmni|a: Dta ADwdu da Mon bet da italnfi Botra* mi 413. 

„ 374. Z0U0 1 von vital Matt „6tt" Hal 669*4 *669" tta: 

„ 421. 1to tat Knita dar altar 23 htemmAffa; X. Bm a n, I* fan andbiata Madiata 
QfiUe aamdad dl U. Jana. Han Bpott Ital 5, App. 8. 49 (1876). A. Beaux, 
ltoaembm on the Zodiacal UghL Hiiv Ann 1ft Put 2 (1893). 

„ 421. In Anmodnag 2 tat hti uminf pci Ann. do 1 'CHm, do itacv, Mora. 30,1L (1914). 
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V, 154 Saltan. 192;. RM 6.(50 

Stamhanfen. Ihr Bon, One Stathmg smn Slsxoydtan mwl fbm Bedoatung 
fllr die SomiogGnie, Van P. tan Bmaenoata. (Band VII der „Nattir- 
wi s mnrh a f tlkdina Monogrtphlen nnd LehxbfichK". Horansgegeben vou 
dor Scfariftiattnng der M N atni r teu ichaftan w .) Mlt 36 Abbtidangen nnd 
4 Tofrin. VII, 158 Saltan, 1927. RM 1$,—; gebnudea RM ld.50 

Bta Mir im uMtemiuoA^fcft” oUta iU MtmogngMm 
mit atom Nmiiafi mm 19%. 

Bahnbeet tmmnn g der Fkneten und Kometen. Yon Prater Dr. 

G. bracks, Obaemtor am Astranankahen Rechen-Instttat sa Boriln- 
Delite. Mt 21 TeatabhWmjgen. YIII, 365 1929. 

RM 26.—1 gebnnden RM 28.6P. 








